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Abstract 
 
This study was undertaken to test the validity of the FAO water requirement 
satisfaction index (WI) for monitoring and predicting the yields of millet, 
sorghum, sesame and groundnut which are traditionally grown in West 
Kordofan and West Darfur States. The growth periods were determined from 
the relationships of mean normal (30 years) rainfall (Rn) and potential 
evapotranspiration (ETo) of Ennahud and Babanusa for West Kordofan and 
El-Geneina for West Darfur State. Seasonal water requirement satisfaction 
indices for each crop were estimated in dekadal intervals (10 days) from 
dekadal water balance for the period 1991-2000. The indices indicated the 
extend to which the water requirements were satisfied in a cumulative way. 
The growing season of Ennahud extended for about 40 days and that of 
Babanusa for about 80 days where as in El-Geneina it extended for about 55 
days. The calculations of the WI for millet, sorghum, sesame and groundnut 
for season 2000 in each study area was presented and analyzed. The relations 
between yields of crops and WI in Elnnahud showed a significant (P=0.05) 
cubic correlation for millet (r=0.647) and non-significant cubic correlation for 
the remaining crops. In Babanusa there was a significant (P=0.05) cubic 
correlation between yield and WI for groundnut (r=0.660). The remaining 
crops gave WI equal to 100% in all seasons except season 1993. In El-
Geneina there was a significant (P=0.01) cubic correlation for millet (r=0.745) 
and sorghum (r=0.779) and non-significant correlation for sesame and 
groundnut.  
These results indicated that the FAO method is a useful tool to be used in 
assessing and predicting millet, sorghum, sesame and groundnut crops yield 
and that actual crop yield and climate data for the cropped area are required. 
iix 
 :ﻣﻮﺟﺰ اﻟﺒﺤﺚ
ء اﻻﺣﺘﻴﺎج اﻟﻤﺎﺋﻲ ﻟﻠﻤﺤﺼﻮل ﻟﻠﻤﺮاﻗﺒﺔ واﻟﺘﻨﺒﺆ دﻟﻴﻞ اﺳﺘﻴﻔﺎ  أﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻻﺧﺘﺒﺎر ﺻﺤﺔ ﻃﺮﻳﻘﺔ
ﺑﺈﻧﺘﺎﺟﻴﺔ ﻣﺤﺎﺻﻴﻞ اﻟﺪﺧﻦ، اﻟﺬرة اﻟﺮﻓﻴﻌﺔ، اﻟﺴﻤﺴﻢ واﻟﻔﻮل اﻟﺴﻮداﻧﻲ  اﻟﻤﺰروﻋﺔ ﺗﻘﻠﻴﺪﻳًﺎ ﻓﻲ وﻻﻳﺘﻲ ﻏﺮب 
(   ﻋﺎم03)ﺗﻢ ﺗﻘﺪﻳﺮ ﻓﺘﺮات ﻧﻤﻮ اﻟﻤﺤﺼﻮل ﻣﻦ اﻟﺮﺳﻢ اﻟﺒﻴﺎﻧﻲ ﻟﻠﺒﻴﺎﻧﺎت اﻟﻌﺎدﻳﺔ . ﻓﻮررآﺮدﻓﺎن وﻏﺮب دا
ﺗﻢ ﺣﺴﺎب دﻟﻴﻞ . ﻟﻜﺎﻣﻦ ﺧﻼل اﻟﻌﺎم ﻟﻤﺤﻄﺎت اﻟﻨﻬﻮد، ﺑﺎﺑﻨﻮﺳﺔ واﻟﺠﻨﻴﻨﺔﻟﻤﻌﺪﻻت اﻷﻣﻄﺎر واﻟﺒﺨﺮ ﻧﺘﺢ ا
ﻣﻦ ﻣﻴﺰان ﻣﺎء اﻟﺘﺮﺑﺔ ﻋﻠﻲ ﻧﻈﺎم ﻓﺘﺮة ﻋﺸﺮة ( 0002-1991)اﺳﺘﻴﻔﺎء اﻟﻤﺎء اﻟﺴﻨﻮي ﻟﻤﺪة ﻋﺸﺮ ﺳﻨﻮات 
ﺗﻮﺻﻠﺖ اﻟﺪراﺳﺔ . ﻟﻜﻞ ﻣﺤﺼﻮل ﻓﻲ اﻟﻤﻨﺎﻃﻖ اﻟﻤﺨﺘﺎرة ﺧﻼل ﻣﻮﺳﻢ ﻧﻤﻮ اﻟﻤﺤﺼﻮل( دﻳﻜﺎد)أﻳﺎم ﻣﺘﺘﺎﻟﻴﺔ 
 ﻳﻮﻣًﺎ أﻣﺎ ﻓﻲ اﻟﺠﻨﻴﻨﺔ ﻓﻬﻮ 08 ﻳﻮﻣًﺎ وﻓﻲ ﺑﺎﺑﻨﻮﺳﺔ 04ﻮ اﻟﻤﺤﺼﻮل ﻓﻲ ﻣﻨﻄﻘﺔ اﻟﻨﻬﻮد إﻟﻲ أن ﻃﻮل ﻣﻮﺳﻢ ﻧﻤ
ﺗﻜﻌﻴﺒﻴﺔ ﺑﻴﻦ اﻻﻧﺘﺎﺟﻴﺔ ودﻟﻴﻞ اﺳﺘﻴﻔﺎء ( )50.0=Pﻓﻲ ﻣﻨﻄﻘﺔ اﻟﻨﻬﻮد وﺟﺪت ﻋﻼﻗﺔ ارﺗﺒﺎط ﻣﻌﻨﻮﻳﺔ . ﻳﻮﻣًﺎ55
 ﻓﻲ.  ووﺟﺪت ﻋﻼﻗﺔ ارﺗﺒﺎط ﺗﻜﻌﻴﺒﻴﺔ ﻏﻴﺮ ﻣﻌﻨﻮﻳﺔ ﻟﻠﻤﺤﺎﺻﻴﻞ اﻻﺧﺮي)746.0=r(اﻟﻤﺎء ﻟﻤﺤﺼﻮل اﻟﺪﺧﻦ 
 ﻟﻤﺤﺼﻮل اﻟﻔﻮل اﻟﺴﻮداﻧﻲ )50.0=P(ﻣﻨﻄﻘﺔ ﺑﺎﺑﻨﻮﺳﺔ وﺟﺪت اﻟﺪراﺳﺔ ﻋﻼﻗﺔ ارﺗﺒﺎط ﺗﻜﻌﻴﺒﻴﺔ ﻣﻌﻨﻮﻳﺔ 
ﺧﻼل اﻟﻔﺘﺮة % 001 أﻣﺎ ﺑﻘﻴﺔ اﻟﻤﺤﺎﺻﻴﻞ ﻓﻘﺪ ﺳﺠﻠﺖ اﻋﻠﻲ ﻗﻴﻤﺔ ﻟﻠﺪﻟﻴﻞ )066.0=r(ودﻟﻴﻞ اﺳﺘﻴﻔﺎء اﻟﻤﺎء 
ﻨﻮﻳﺔ وﻓﻲ ﻣﻨﻄﻘﺔ اﻟﺠﻨﻴﻨﺔ ﻓﻘﺪ وﺟﺪت ﻋﻼﻗﺔ ارﺗﺒﺎط ﺗﻜﻌﻴﺒﻴﺔ ﻣﻌ. 3991اﻟﻤﺬآﻮرة ﻣﺎﻋﺪا اﻟﻤﻮﺳﻢ 
 وﻏﻴﺮ )977.0=r( واﻟﺬرة اﻟﺮﻓﻴﻌﺔ )547.0=r( ﺑﻴﻦ اﻟﺪﻟﻴﻞ واﻧﺘﺎﺟﻴﺔ ﻣﺤﺎﺻﻴﻞ اﻟﺪﺧﻦ )10.0=P(
  .ﻣﻌﻨﻮﻳﺔ ﻓﻲ اﻟﺴﻤﺴﻢ واﻟﻔﻮل اﻟﺴﻮداﻧﻲ
 
 ﻓﻲ ﻣﺮاﻏﺒﺔ ﻣﺤﺎﺻﻴﻞ اﻟﺤﻘﻞ OAFأﺛﺒﺘﺖ هﺬﻩ اﻟﺪراﺳﺔ آﻔﺎءة ﻃﺮﻳﻘﺔ ﻣﻨﻈﻤﺔ اﻟﺰراﻋﺔ واﻷﻏﺬﻳﺔ اﻟﻌﺎﻟﻤﻴﺔ 
   .ﻠﺐ ذﻟﻚ اﺳﺘﻌﻤﺎل إﻧﺘﺎج ﺣﻘﻴﻘﻲ ﻟﻤﻨﻄﻘﺔ ﻣﺤﺪدةواﻟﺘﻨﺒﺆ ﺑﺎﻹﻧﺘﺎﺟﻴﺔ ﺧﻼل ﻣﻮﺳﻢ ﻧﻤﻮ اﻟﻤﺤﺼﻮل وﻳﺘﻄ
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Chapter One 
Introduction 
 
Agriculture, which is the major economic activity in the world becomes 
possible when water, essential elements for tissue building and light are found 
in the required amounts both temporary and spatially. Sudan as a tropical 
country lies between latitudes 3° 21 َand 22° 00 north, and longitudes 32° 00 
and 38° 00 east.  Inadequate availability of water to the crop, as regards both 
amount and distribution, is the main constraint in rain-fed agriculture.  
 
The rain-fed agriculture, both mechanized and traditional sub-sectors, 
constitutes more than 90% of crop production in Sudan. The traditional sub-
sector is of great importance. Farmers grow millet, groundnuts, hibiscus and 
watermelon on sandy soils, while on clay soils they concentrate mainly in 
producing sorghum and sesame (Sudan, 1956).  In the national economy, the 
traditional rain-fed sector contributes about 95 % of the millet, 50% of the 
groundnuts, 45% of the sesame, 11% of the sorghum, and 100% of the gum 
Arabic, in addition to the minor crops such as hibiscus, watermelons and 
beans (Sulaiman, 2005). 
 
Traditional rain-fed crop productivity is constrained by low soil fertility, low 
and erratic rainfall, lack of water harvest and spread technology and lack of 
meteorological information and extension services among rural farmers. Some 
times the farmers are faced by total crop failure, especially in marginal areas 
in western Sudan.  
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In general, the crop productivity in the rain-fed area is declining. To increase 
production, farmers tend to expand the cultivated areas; consequently, 
traditional rain-fed areas are enlarged year after year. It was estimated to be 
about 5 million feddans in 1950’s, and increased to 7 million feddans in the 
1960’s to 12 million feddans in the eighties, by 1990’s the cultivated areas 
increased to 23 million feddans. Due to cultivation on marginal land where the 
rainfall is low and erratic, the harvested areas were only about 70% of the 
total cultivated (Sulaiman, 2005).  
 
In Sudan Agricultural Ministries, at the national or state level, monitoring and 
forecasting of crops’ yield are usually done based on statistical and crop 
survey estimates. Department of Statistics and Information usually makes 
crop cutting survey method for estimating cereal crop yields, which cover 
only 60% of the total planted area (Azhary, 2005).  Like in other developing 
countries, Sudan still encounters great difficulty in producing accurate crop 
yield and production estimates. This is due mainly to poor organization of 
statistical services and slowness in concentrating the information at the central 
point. In addition these results are generally assembled too late to be able to 
provide adequate information for early warning and emergency food 
procurement purposes ( FAO, 1986). 
 
Due to the great Sahelian drought (1968-1973) and its consequent dramatic 
socioeconomic impact and as a response to the recommendations of the UN 
World Food Conference (1974), FAO established a Global Information and 
Early Warning System. Frere and Popov (1976) developed a method for 
monitoring crop conditions and forecasting yields, and it is intended to 
quantify the constraints to rain-fed crop production resulting from crop water 
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stresses, which represents the main factor limiting crop yields (Mustafa and 
Hashim, 2007). The method was based on the cumulative water balance 
established over the whole growing season of a given crop. Water balance is 
calculated over successive periods of 10 days interval (dekad). When rainfall 
water is less than the water requirement, the crop will suffer from a water 
stress. FAO-method described this water stress by an index; known as the 
Water Requirement Satisfaction Index (WRSI). It was found to be a good 
indicator of yield prospects in many African and Asian countries. It has to be 
used with other information on inputs, farming practices, incidence of pests 
and diseases and other adverse effects before a final assessment of yield is 
made (FAO, 1986). 
 
Since the crop yield in traditional rainfed sub-sector relies heavily on the 
rainfall, the water index offers a good indicator for monitoring and forecasting 
crop yield. It has been used in assessing pearl millet yield traditionally grown 
in western Sudan; namely, in Al-Obeid and Al-Fashir, and also used to assess 
sorghum yield in mechanized rain-fed areas; Al-Gadarif, Al-Dmazin and 
Kosti (Mustafa and Hashim, 2007). To be more valid this study was 
undertaken to assess crop yield in West Kordofan and West Darfur States. 
 
The specific objectives of the study were to: 
 
• Monitor the yield of millet, sorghum, sesame and groundnuts in West 
Kordofan and West Darfur States. 
• Determine the growth period of these crops in the two States. 
• Test the validity of the FAO method for monitoring and predicting crop 
yield in these two States. 
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Chapter Two 
Literature Review 
 
2.1 Introduction: 
Water is the basic requirement of plants. On average, it makes up 90 – 95% by 
weight of soft plant tissues. Only about 2 – 5% of that taken by root is 
retained in the tissues and used for growth or chemical reactions, the rest of 
water evaporates from the leaves by a process called transpiration (Ridge, 
1999). Absorption and transpiration processes are controlled by both internal 
and external factors, and plant water stresses occur when transpiration rate is 
greater than water absorption. The external factors include; the amount of 
water available to the absorbing organs and the intensity of transpiration 
promoting factors (Daubenmire, 1974). The internal factors depend largely 
upon these structural and functional characteristics of plant bodies (Hall, 
1978).  
 
Crop production in arid and semi-arid areas is limited by a multitude of 
constraints that prevent plants from expressing their genetic potential, thus, 
farming in these areas could be sustainable if practiced properly (Ahmed and 
Ali, 2007). Choice of the crop, variety, time of planting, special arrangement 
of plants or trees and plant population in relation to moisture availability are 
some of the factors involved in increasing crop yield (Gibbon and Pain, 1988).  
 
2. 2 Factors affecting crop yield: 
The studies of Doorenbos and Pruitt (1984) showed that the water 
requirement satisfaction index can be used as an indicator of crop 
performance based on availability of water to crop during a growing season. 
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In rainfed agriculture crop yield depends largely on different climatic, soil and 
crop factors. The climatic factors include rainfall, solar radiation, temperature, 
evaporation, wind speed, and relative humidity. The factors that are associated 
with the crop life cycle are the important factors that can be considered in 
assessing crop yield (Daubenmire, 1974). 
 
2. 2. 1 Climatic factors: 
2. 2. 1. 1 Rainfall: 
The primary source of water for agricultural production for most of the world 
is rainfall. Three main characteristics of rainfall are its amount, frequency and 
intensity, the values of which vary from place to place, day to day, month to 
month and also year to year. Precise knowledge of these three main 
characteristics is essential for planning its full utilization. Farmers have to 
depend on rainfall which is often unreliable. Fortunately, scientists and 
geographers have discovered a great deal about the causes of rainfall although 
some questions remain unanswered (Ker, et al., 1984).  
 
In tropical areas, the intense heating of the earth by the sun, heats the air 
above it, and creates a low pressure belt around the world which is called Inter 
Tropical Convergence Zone (I.T.C.Z). It lags behind the sun by about a month 
and some times longer. The ITCZ is usually over the equator in April and 
October, it reaches northerly extreme position in July, where rainfall is 
expected (El-tom, 1975). 
 
To get meaningful results from analysis of rainfall data a long-term record is 
needed, at least 30 years. The longer the period the better is the analysis. 
Determinations of rainfall frequencies and/or probabilities are important 
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information in the area of crop production (Adam, 2005). Knowledge of 
effective rainfall is most essential in planning crop production with the correct 
selection of crop species and agronomic practices especially in low rainfall 
areas (FAO, 1986).     
 
Rainfall is never uniform in either geographical distribution or yearly amount. 
In the United States, the cycle of drought seems to be about 20 to 30 years as 
there were severe dry years in the 1870s, 1900s, 1930s, 1950s and 1970s 
(Cunningham, 2001). Mainguet (1991) mentioned that African droughts are a 
recurring phenomenon but, do not show any periodic behavior of useful 
predictive value. Nicholson (1980) mentioned that the normal coefficient of 
variability of rainfall for Africa south of the Sahara is between 20-30% and of 
3-5 rainy season months.  
 
In the twentieth century, Sudan has witnessed several cases of drought cycles. 
A wide spread severe drought in 1983-1984 affected the human and the 
natural environments and a famous famine was reported during that period. In 
1990, a drought of less degree of severity occurred. Also the country had 
witnessed floods caused by the overflow of the Nile River and heavy localized 
torrential rains in 1988, 1994, 1996, 1997-1999 and 2001. The distribution of 
mean annual precipitation over the Sudan tends to follow a fairly simple 
pattern in which the total amount decreases northwards in a very marked 
correlation with the latitudes (El-tom, 1975). 
 
According to the Sudan Meteorological Authority (SMA, 2007), the northern 
parts of the Sudan rarely receive rains through a belt of summer rainfall, its 
amount increasing southward to almost equatorial type of rain in the extreme 
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southwest where dry season is very short. The annual amount is zero 
millimeters in the extreme north of the country rising to 500 mm in central 
Sudan, to more than 1250 mm in the extreme southwest of the country. The 
coefficient of rainfall variability decreases from north to south ranging from 
190 to less than 15%.  
 
2. 2. 1. 2 Solar radiation: 
Solar Energy from the sun is considered the main source of energy on the 
earth. During daytime hours, the soil surface gains heat by absorbing some of 
the incident solar radiation, and also gains long wave radiation from the 
atmosphere. So the net radiation (R) at the land surface as written by Adam 
(2005): 
R = S – rS + Ld – Lu 
Where: 
S = incident short-wave radiation 
rS = reflected short-wave radiation 
Ld = atmospheric long-wave radiation (downward) 
Lu = emitted long-wave radiation from the land surface (upward)  
During night, solar radiation is zero and the equation of radiation balance 
reduces to: 
R = Ld – Lu   
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Solar radiation is important in plant growth and development processes. Most 
of solar radiation absorbed by plants is converted into heat energy and used 
for transpiration and the rest is used in photosynthesis to produce chemical 
organic compounds (Monteith, 1973). 
 
2. 2. 1. 3 Temperature: 
Air temperature is a very important element in agriculture. All crops have 
minimum, maximum and optimum temperatures for each stage of growth. Air 
temperature also plays an important role in evaporation of water from the soil 
and water surfaces, and transpiration from vegetations. Temperatures of dry 
areas and that of low vegetation cover are high for most of the year (Gibbon 
and Pain, 1988). Observations of hourly values of temperatures are needed to 
determine mean daily temperature which may be estimated by the average of 
maximum and minimum daily temperatures (Adam, 2005).       
 
2. 2. 1. 4 Wind: 
Wind is an important climatic factor and has considerable effects on plants. It 
affects plants directly by increasing transpiration by delivering heat to 
relatively cool leaves, it causes various kinds of mechanical damages on plant 
leaves and other plant parts and also it can cover plants by small soil particles. 
High wind speeds may cause flower shedding. When wind travels across a hot 
dry area, and then reaches a cropped area, it results in a high 
evapotranspiration demand (Issam El-deen et al., 1996). 
  
2. 2. 1. 5 Evaporation:  
Evaporation of water from plants, soil, and other water bodies occurs due to 
the difference between the water vapour pressure at these surfaces and that of 
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the surrounding atmosphere. Evaporation is increased by high temperature 
wind and low relative humidity (Daubenmire, 1974). Evaporation from the 
soil surface is also affected by the degree of crop canopy shading and the 
amount of water available. Soil texture and structure influence evaporation 
through their influence of water movement and surface area (Brady, 1974). In 
arid and semi-arid areas with much bare soils and sparse vegetation or in the 
early stages of crop growth when only small proportion of ground is covered, 
frequency occurrence of rainfall and its duration will control evaporation of 
water from the crop and soil surfaces (Evans, 1962).  
  
2. 2. 2 Plant factors: 
2. 2. 2. 1 Transpiration: 
Transpiration is the process of vapour removal and vaporization of liquid 
water contained in plant tissues to the atmosphere through stomatal opening. 
The rate of water loss from plant leaf is determined by the differences of 
moisture potential of the leaf and that of the atmosphere, and like direct 
evaporation is affected by various factors including: solar radiation, 
temperature, wind, soil moisture supply and relative humidity (Jackson, 
1979). 
 
During day time hours and due to high transpiration rate most plants lose 
more water than they can absorb and as a result temporary day time wilt will 
occur. The lengthening of this temporary day time wilt will result in 
permanent plant wilt which leads to plant death. Plants grown in dry areas 
have different mechanisms to control the water uptake and water losses and 
that through adopted different morphological and physiological plant features 
(Hall, 1978). 
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2. 2. 2. 2 Evapotranspiration: 
Evapotranspiration is the combination of the two processes evaporation and 
transpiration. When the crop is small, water is predominately lost by soil 
evaporation, but once the crop is well developed and completely covers the 
soil, transpiration becomes the main process. Evapotranspiration is affected by 
weather parameters and number of crop factors among which are crop type, 
variety and crop development stages. The depth of water needed to meet the 
water loss through evapotranspiration is known as crop water requirement 
(Doorenbos and Pruitt, 1984). 
 
Crop evapotranspiration under standard conditions refers to the 
evapotranspiration of a crop grown in a large field under optimum soil water, 
excellent management and environmental conditions, and achieve full 
production under the given climatic conditions (Monteith, 1975).    
 
2. 2. 2. 3 Crop growth stages: 
As the crop develops, the ground cover, crop height and the leaf area change, 
consequently, crop evapotranspiration during various growth stages is 
changed. The growing period of a crop can be divided into four distinct 
growth stages: initial, crop development, mid-season and late season as 
follows (FAO, 1984): 
 
i. The initial stage: 
This stage begins from planting date to approximately the time when the soil 
surface is hardily covered by the crop or 10 % cover. The length of the initial 
period is highly dependent on crop, crop variety, planting date and climate. 
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ii. Crop developmental stage: 
From the end of the initial stage to full ground cover (70-80%).  
iii. Mid-season stage: 
It is the time to start maturity as indicated by discoloring and leaves falling 
off. 
  
iv. Late season stage: 
This is indicated by full maturity or harvest time. 
 
For a cultivar the duration of different developmental stages depends largely 
on planting date. The vegetative phase may be an extending period but 
flowering and fruiting have a fixed time, an early heading cultivar with pest 
resistance is important for a soil with low water holding capacity (Franquine, 
1984). The effect of water deficits on crop yield varies depending on the 
timing and severity of the deficits and on the nature of yield in a particular 
plant (Gibbon and Pain, 1988).  
 
Generally, root development can be seriously impaired by a deficiency of 
moisture during the establishment phase of growth for the different crops. In 
many of the cereals, moisture stress occurring during the vegetative stage of 
growth tends to shorten the growth cycle and hasten the onset of flowering. A 
long drought period after crop establishment results in poor vegetative and 
reproductive yields, and during the flowering period water stresses may result 
in total loss of a cereal crop. In legumes moisture stress during flowering 
stage may result in partial losses of grain (Jackson, 1979).  
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2. 2. 2. 4 Crop coefficient (kc): 
The crop coefficient is the ratio between actual crop evapotranspiration and 
the reference crop evapotranspiration. Values of crop coefficient vary with the 
crop, its stage of growth, the length of the growing season and the prevailing 
weather and climatic conditions where the crop is grown (FAO, 1986). Crop 
water requirement varies from crop to crop and from place to place. For the 
same crop, the water requirement varies with its growth stage, it increases 
with the crop age to a maximum point and then it decreases when the crop 
matures (Geoffrey et al., 1978). 
 
2. 2. 2. 5 Cultural practices: 
Cultural practices during crop growth vary according to the environment and 
crop nature (Burhan and Hajo, 2000). Besides the natural factors, namely the 
climatic and soils factors, the crop technical package, which includes: land 
preparation, time of sowing, choice of improved seeds, sowing depth and 
plant population, and the post sowing operations, which include: re-sowing, 
thinning, cultivation, addition of fertilizers and protection from pest and 
diseases are important for economic crop production (Ali and Mahmoud, 
1977). Each technical package affects crop yield in a different way, e.g. in 
groundnut the use of uncertain seeds reduces crop productivity by 26% and 
the late sowing reduces productivity by 74% (Nuri, 1998).   
 
2. 3 Agronomy of the selected crops: 
2. 3. 1 Millet: 
Scientific name: Pennisetum americanum 
Family name: Gramineae 
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The great numbers of wild and cultivated forms of pearl millet are found in 
West Africa and it has a number of cultivated races. The plant is an erect 
annual grass 0.5-5.0 m tall. It has a variable capacity to produce tillers most of 
which produce an inflorescence at the apex of the plant which varies in length 
from 15-140 cm. The spike emerges approximately 10 weeks after sowing and 
the grains ripen 6 weeks later depending on sowing date (Gibbon and Pain, 
1988). 
 
Ecologically, the crop usually grown as rain-fed crop in the dry tropics and is 
the most important cereal in the Sahel zone south of the Sahara in Africa. In 
Sudan, it is the second preferable stable food. Millet crop grows more rapidly 
than sorghum, it is grown in areas with low rainfall, less than 400 mm per 
year, but it cannot withstand drought as sorghum. 
  
Millet is often seeded before the rains arrive (Remal) in order to catch the first 
showers. It is well adapted to light, sandy, low nutrient soil. Little land 
preparations are carried out, no fertilizer or pesticides are added in the 
traditional sector. Due to uneven ripening, the crop harvest may occur over a 
period of time. Yields are highly variable and of low values about 100 kg/fed 
in average (Elhaj, 1999). About 96% of the millet crop is cultivated in the 
traditional sub-sector and 95% is in western Sudan. A little is done in crop 
variety improvement, at Elobied Research Station the first improved variety 
Yogandi was introduced in 1981 which matures in 85 days. Local varieties are 
Kordofani, Dempi, Aish Barno and Bayoda and they are late maturing 
varieties (Elhaj, 1999). 
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2. 3. 2 Sorghum: 
Scientific Name: Sorghum bicolor 
Family name: Gramineae 
The great numbers of wild and cultivated forms of sorghum (dura) are found 
in north-eastern Africa. It is an important food crop in many African countries 
and in Sudan it is the first important food crop. Most local cultivars show well 
developed adaptation and resistance to pests and diseases within their own 
environment. The plant is a grass that produces one or more stems (tillers). It 
has a well developed root system with strong lateral adventitious roots. Prop 
roots are produced at the stem base. This deep and extensive root system 
accounts for the plant’s ability to withstand quite severe drought during the 
early development of the crop. The leaves can roll during a drought to reduce 
transpiration losses.  
 
The time from emergence to maturity may vary, e.g. “Daber” is a late 
maturing variety as flowering occurs after 84 days, “Gadam el hamam”  and 
“Wad Ahmed” flower after 70 days and the early maturing “white short 
Maylo” flowers in 55 days. Flowering is usually spread over 6 to 9 days. The 
grain reaches its maximum dry weight in 25 to 55 days after flowering. Most 
of the improvement of sorghum cultivars is on the selection and breeding of 
yield, early maturing, plant height, resistance to pests and diseases.  
 
Ecologically, sorghum has a wide range of adaptation. It grows well in fertile 
soil under warm conditions. It is cosidered one of the best cereals for poor 
conditions and uncertain rainfall (Gibbon and Pain, 1988). Sorghum grown in 
the traditional rain-fed sector has a low productivity and is affected by many 
different factors which include: low and variable rainfall, mixed varieties and 
 15
weak cultivation practices. The important local varieties include Fatareeta, 
Korakolo, Wad akar, Mugod, Zerazeera, Safra (Mahmoud, 1996). 
  
2. 3. 3 Sesame: 
Scientific Name: Sesamum indicum  
Family: Pedaliaceae 
It is probably domesticated in Ethiopia. It grows up to 1-3 m tall, it is erect 
and with branches. The fruit is a capsule 3 cm long and contains 10 to 20 
seeds which are usually white, yellow or brown. Sesame capsules are 
dehiscent, so that substantial harvest losses usually occur. Sesame is a drought 
resistant crop, growing in rain-fed condition where rainfall is as low as 400 
mm per annum. It can grow well on poor soils and sandy loams. Maturity is 
reached in 80 to 118 days after planting depending on the variety. The 
important cultivated varieties in Sudan include Heraheri, Kenana (1), Zeraa(7) 
Elobied (1) and (2) (Kambal 1996).  
 
2. 3. 4 Groundnut: 
Scientific Name: Arachis hypogaea 
Family: Leguminasae   
Groundnut is a major cash crop in West African savanna regions. The kernel 
constitute up to 50% of oil. The groundnut originated from Latin America and 
the Portuguese are responsible for its introduction into West Africa from 
Brazil. Now it is found in all tropical and subtropical countries and in the 
warmer parts of Europe. 
 
Groundnut grows to a maximum height of 60 cm and it is an annual legume. 
Two distinct groups of varieties are generally recognized: Spanish- Valencia 
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up right sequential branched bunch cultivars, and the Virginia spreading 
bunch or runner cultivars. Flowers are usually appearing 4 to 6 weeks after 
planting. When pegs are formed they penetrate the soil up to 2.5-6 cm., fruit is 
more or less elongated pods and contains 1 to 6 seeds which are surrounded 
by a thick fibrous shell. The period from sowing to harvest depends on 
temperature, but it is greatly affected by the variety. Virginia cultivar comes 
to harvest in 90 to 110 days. The Spanish - Valencia cultivars are late 
maturing usually 120-150 days (Nuri, 1998). 
 
Ecologically groundnut is grown between 40°N and 40°S of the equator. Most 
of the crop is produced in regions with annual rainfall of 400 mm or more, the 
longer season Virginia cultivars require a greater total quantity of rainfall than 
the shorter season Valencia cultivars. It grows on both heavier clays and on 
well drained, light sandy loams. Drought during the period of growth restricts 
vegetative development. Dry conditions are needed for the ripening, 
harvesting and drying of the crop. In western Sudan the local variety named 
“Abu hebailat” and “Gebeash”. “Ennahud 1994” and “Sodary” are early 
maturing varieties (Nuri, 1998). 
 
2. 4 Crop assessment in Sudan: 
In Sudan, agricultural reports and numbers of crop surveys during the growing 
season are used to estimate crop yield. Early in 1961 Statistics Division of the 
Sudan Agricultural Economic Authority together with FAO Kharoum Office, 
used crop cutting survey method to estimate wheat production, which was 
grown in the Northern Province. In the next year, the production of wheat 
grown in El-Managil area was estimated using the same method, and during 
the period 1985-1990 crop cutting survey method was used to determine the 
 17
production of sorghum and millet traditionally grown in Kordofan and Darfur 
regions. During 1990-1992, the crop cutting methods were used to determine 
yields of all wheat and sorghum grown mechanized areas (Hassan, 2001).    
 
In late 1990s agricultural ministries at the national and state level conducted a 
survey to estimate the area actually planted per crop at the beginning of the 
season. A second survey was done later on at crop maturity with crop cutting 
to estimate the expected production. The Agricultural State Ministries surveys 
results were assembled in the national ministry and analyzed for final results 
i.e. the mean of total cultivated areas, total expected harvested areas and the 
expected yield (Azhary, 2001). The results of crop assessment are used for 
food predictions (Azhary, 2005).   
 
In traditional rainfed sub-sector total crops per area are uncertain, too much 
land is cleaned in an exceptionally good rainy year. In a dry or normal year, 
farmers try to maintain their total yield by cultivating a larger area (Mainguet, 
1991). In most areas of the traditional rainfed sub-sector crop assessments 
depend on average yield of last yeas (Anonymous, 2005). 
 
2. 5 FAO water index and crop yield: 
The crop yield is expressed in a percentage or relative yield which is the 
average of three best years for a period of ten years and compared with the 
FAO water index according to the following scale (FAO, 1984): 
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Table 2.1 FAO water index and crop yield scale 
Yield percentage (%)  Qualitative  Water index (WI%) 
> 100  Very good 100 
90 – 100  Good  95 – 99  
50 – 90  Average 80 – 94  
20 – 50  Mediocre  60 – 79 
10 – 20  Poor  50 – 59 
< 10 and less  Complete failure  Less than 50 
  
The water requirement satisfaction index has been used in different countries. 
In Zimbabwe, since 1988 the water index model has been used to assess crop 
yield at the regional and district level for the national early warning 
programme (NEWU, 1990). In Ethiopia, district level sorghum crop yield data 
(1996-1999) were used to evaluate the performance of the model. A 
significant correlation between the index and sorghum yield was found 
especially in dry districts (R2 =0.77), in areas of 100% water index, the 
reduction in yield was attributed to factors other than water stresses such as 
crop inputs, crop management and pest damage (Anonymous 2002). In 
Botswana where average annual rainfall is lower than 500 mm, the following 
quantitative relation between water index (WI) and relative yield of sorghum 
(Y) for various provinces over the years 1978/79 to 1982/83 was found (FAO 
1986): 
Y% = 0.05 (WI – 48)1.925 
(R2= 0.93) 
In Sudan, in the year 2000 the FAO method was used to assess sorghum yield 
in mechanized rainfed sub-sector in Al-Gadarif, Al-Damazin and Kosti areas. 
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The results show that crop yield may be attributed to other factors than rainfall 
or water index (Hashim and Mustafa, 2007). Also, when applying the water 
index model in assessing millet yield in Al-Obeid and Al-Fashir, the results 
show that water index is a better indicator for monitoring and forecasting 
yield than the seasonal amount of rainfall (Mustafa and Hashim, 2007). 
Ismaeel (2002) used the FAO index in assessing sorghum yield in Al-Gedarif 
State. Unavailability of accurate yield data to district level was the main 
problem in these three studies. 
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Chapter Three 
Materials and Methods 
 
3. 1 Materials: 
3. 1. 1 The study area: 
West Kordofan and West Darfur States were chosen for this study, as they are 
moderately to severely affected by desertification. Sometimes these States 
suffer from partial food insecurity. Most of the States lie within the semi-
desert and low rainfall savanna belt. The northern parts are faced by desert 
encroachment.  
 
The study area as well as other regions in the Sudan, experienced major 
drought cycles and numerous localized droughts. These include the great 
Sahelian drought (1968-1973), and 1983-1984 and 1993 droughts, which 
resulted in marked crop damages (Sudan 2003), and as a consequence farmers 
lost their seeds potential and began to expand in cultivated areas to increase 
the total production (Suleiman, 2005). 
 
3. 1. 1.1 West Kordofan State: 
West Kordofan State is located between latitude 9° 30' and 13° 05'  north and 
longitude 27° 45' and 32° east, and has an area of 120,000 km2 (about 28.6 
million feddans). There are three types of soil: the sandy soils in the north, 
gardud soils and the clay soils in the southern parts of the State. The northern 
parts of the State receive about 250 mm rainfall, the middle parts receive 
about 450 mm and the southern parts receive about 650 mm average rainfall 
annually. 
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The daily mean maximum and minimum air temperatures at Ennuhud Station 
are 35.3 °C and 20 °C, respectively with a mean daily temperature of 27.7 °C. 
The station receives 355.3 mm per year total rainfall and the mean daily 
evaporation rate is about 11 mm (Piche). 
 
At Babanusa Station the daily mean of maximum and minimum air 
temperatures are 35.5 °C and 22 °C, respectively with a mean daily 
temperature of 28.8 °C. It receives 494.3 mm per year total rainfall and the 
mean daily evaporation rate is about 12.4 mm (Piche) (SMA, normals 1971-
2000). Traditional agriculture is the main economic activity, where millet, 
sorghum, groundnuts, sesame and other crops such as hibiscus are grown.  
 
3. 1. 1. 2 West Darfur State: 
West Darfur State is located between latitude 10° 09' and 14° 30' N, and 
longitude 22° 30' and 24° 30' E, and has an area of about 17.5 million feddans. 
Most of the soils are sandy soils, and there are clay soils in different parts of 
the State plus the rocks and mountains soils (Marra mountain). Rainfall is 
increasing from north to south direction, the northern parts of the state receive 
about 180 mm rainfall, and the southern parts receive about 800 mm average 
rainfall annually. The area of Marra Mountains receives about 1200 mm 
average rainfall annually. 
 
The daily mean maximum and minimum air temperatures at El-Geneina 
station are 34 °C and 18.2 °C, respectively with a mean daily temperature of 
26.2 °C. The station receives 397.4 mm per year total rainfall and the mean 
daily evaporation rate is about 14.7 mm (Piche). 
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Traditional agriculture is the main economic activity; farmers grow millet, 
sorghum, groundnuts, sesame and other crops such as watermelon, hibiscus. 
  
3. 1. 2 Climatic data: 
Actual rainfall and potential evapotranspiration (ETo) data of Ennhud (lat. 12° 
42' N, long. 28° 26' E, Alt. 565 M) and Babanusa (lat. 11° 20' N, long. 27° 40' 
E, Alt. 543M) Stations represent West Kordofan State, El-Geniena (Lat. 13° 
19' N, Long. 22° 27' E, Alt. 805 M) Station represent West Darfur State were 
obtained from the Sudan Meteorological Authority. Actual rainfall and 
potential evapotranspiration (ETo) data were produced in dekadal form, for 
the period (1991 – 2000). The elevations and coordinates for the three stations 
were also included.  
 
3. 1. 3 Crop data: 
Historic crop yield data were obtained from Ministry of Agriculture and 
Forestry, Department of Statistics. Planted areas in feddans, production in tons 
and productivity in kilograms per feddan of millet, sorghum, sesame and 
groundnuts crops traditionally grown in both Western Kordofan and Darfur 
States for the period (1991 – 2000), are shown in Tables 3.1, 3.2, 3.3, 3.4, 3.5, 
3.6, 3.7 and 3.8 respectively. 
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Table 3.1. Planted area, production and yield of millet in West Kordofan State 
for the period 1991-2000 
Season Planted area (000 fed.) 
Production 
(000 tons) 
Yield 
(kg/fed.) 
1991 924 20 21.6 
1992 987 29 29.4 
1993 966 19 19.7 
1994 1565 169 108 
1995 1694 10 5.9 
1996 1839 60 32.6 
1997 2266 166 73.3 
1998 1767 74 41.9 
1999 1571 82 52.2 
2000 1302 82 63 
 
 
 
Table 3.2. Planted area, production and yield of sorghum in West 
Kordofan State for the period 1991-2000 
 
Season Planted area (000 fed.) 
Production 
(000 tons) 
Yield 
(kg/fed.) 
1991 550 32 58.2 
1992 875 62 70.9 
1993 600 40 66.7 
1994 628 69 109.9 
1995 514 29 56.4 
1996 1100 05 4.5 
1997 673 67 99.6 
1998 490 61 124.5 
1999 640 107 167.2 
2000 1071 81 75.6 
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Table 3.3. Planted area, production and yield of sesame in West 
Kordofan State for the period 1991-2000 
Season Planted area (000 fed.) 
Production 
(000 tons) 
Yield 
(kg/fed.) 
1991 75 01 13.3 
1992 187 06 32.1 
1993 247 10 40.5 
1994 300 05 16.7 
1995 204 02 9.8 
1996 172 02 11.6 
1997 125 04 32.0 
1998 170 11 64.7 
1999 167 15 89.8 
2000 312 05 16.0 
 
 
 
 
Table 3.4. Planted area, production and yield of groundnuts in West 
Kordofan State for the period 1991-2000 
Season Planted area (000 fed.) 
Production 
(000 tons) 
Yield 
(kg/fed.) 
1991 35 03 85.7 
1992 470 46 97.9 
1993 680 18 26.5 
1994 812 199 245.1 
1995 883 80 90.6 
1996 915 126 137.7 
1997 1471 233 158.4 
1998 948 143 150.8 
1999 995 298 299.5 
2000 1131 169 149.4 
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Table 3.5. Planted area, production and yield of millet in West 
Darfur State for the period 1991-2000 
 
Season Planted area (000 fed.) 
Production 
(000 tons) 
Yield 
(kg/fed.) 
1991 360 68 189 
1992 432 95 220 
1993 480 42 88 
1994 423 123 291 
1995 665 120 180 
1996 447 85 190 
1997 493 98 199 
1998 502 138 275 
1999 480 111 231 
2000 820 87 106 
 
 
 
Table 3.6. Planted area, production and yield of sorghum in West 
Darfur State for the period 1991-2000 
Season Planted area (000 fed.) 
Production 
(000 tons) 
Yield 
(kg/fed.) 
1991 238 46 193 
1992 350 61 174 
1993 368 42 114 
1994 250 114 456 
1995 284 78 275 
1996 302 113 374 
1997 426 120 282 
1998 309 104 337 
1999 600 138 230 
2000 396 64 162 
 
 26
Table 3.7. Planted area, production and yield of sesame in West 
Darfur State for the period 1991-2000 
Season Planted area (000 fed.) 
Production 
(000 tons) 
Yield 
(kg/fed.) 
1991 11 1.0 91 
1992 132 10 76 
1993 44 4.0 91 
1994 15 1.0 67 
1995 11 1.0 91 
1996 150 17 113 
1997 50 9.0 180 
1998 50 8.0 160 
1999 20 1.0 50 
2000 44 4.0 91 
 
 
 
Table 3.8. Planted area, production and yield of groundnuts in West 
Darfur State for the period 1991-2000 
 
Season Planted area (000 fed.) 
Production 
(000 tons) 
Yield 
(kg/fed.) 
1991 45 04 89 
1992 85 13 153 
1993 150 27 180 
1994 50 13 260 
1995 187 59 316 
1996 250 69 276 
1997 400 160 400 
1998 400 115 288 
1999 280 72 257 
2000 315 47 149 
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3. 2 Methods: 
3. 2. 1 Determination of sowing dates and length of the growing season: 
Sowing dates and length of the growing season were determined from mean 
normal seasonal rainfall and potential evapotranspiration as described by 
Cocheme and Franquine (1967) (Fig. 3.1). The following four growth periods 
were distinguished from the plot of Pn, PETo, PETo/2 and PETo/10:  
 
• Land preparation (A):    
    0.1 PETo < Pn < 0.5 PETo  
 
• Intermediate period(s) (C1,C2): 
0.5 PETo < Pn < PETo 
• Wet period (B): 
Pn > PETo 
 
The two intermediate periods plus the wet period (B) represent the crop 
growth period (D). Crops are seeded at the first intermediate period, and at the 
second (if any) the crop reaches the maturity stage.  
 
3. 2. 2 FAO Methodology for crop water requirement satisfaction index: 
Frere and Popov (1976) method was used for monitoring and yield forecasting 
of rain-fed crops mainly, millet, sorghum, sesame, and groundnuts which 
were traditionally grown in both West Kordofan and West Darfur States 
during the period (1991-2000). 
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Fig. 3.1. Distribution of seasonal rainfall and potential evapotranspiration and the different growth periods, A: 
preparation period, B: Wet period C1 and C2 : Intermediate periods,  D: growth period  
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The methodology based on cumulative water balances of the crop established 
over the whole growing season, and water balance was calculated in 
successive periods of ten days (dekads) (FAO 1986). 
 
The water balance was taken as the differences between the rainfall received 
by the crop and the water lost by the crop and the soil, i.e. evapotranspiration 
from sowing to harvest time. Crop water requirement is calculated from the 
equation presented by Doorenbos and Pruitt (1984): 
 
WR = ETo × Kc 
 
Where; 
WR : is the depth of water to meet Evapotranspiration from the crop 
(ETcrop)  
ETo : is the Reference evapotranspiration  
Kc : is the crop coefficient  
 
Water requirement calculated in successive ten days periods along with the 
different crop stages to the end of the season. In each period if, rainfall water 
was equal to or more than the water required by the crop, then the crop had a 
good water supply. If, however, the rainfall was less than the crop water, then 
the crop had suffered water stress. These water stresses described by an Index 
known as crop Water Requirements Satisfaction Index (WRSI), and was taken 
in a cumulative way in a percentage values at the end of the season. Higher 
index value, indicates better water supply (FAO 1986). 
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3. 2. 2. Computation of the Index: 
The computing sheet has been divided into columns to calculate crop water 
index as the following steps (Table 3.9): 
 
a. Number of dekads: 
The first column shows the consecutive numbers of dekads according to crop 
life cycle. 90 days for millet 100 days for sorghum and sesame and 110 days 
for groundnut.  
 
b. Actual observed rainfall (Run):  
The second column shows actual precipitations during the growing season in 
successive dekads.  
 
d. Potential Evapotranspiration (ETo): 
Third column shows potential evapotranspiration (ETo) in dekads.  
 
e. Crop coefficients (Kc): 
Crop coefficients (Kc) which is the ratio between maximum crop 
evapotranspiration (ETc) and the reference crop potential evapotranspiration 
were shown in the fourth column as;  
 
              Kc = ETcrop/ETo 
 
The coefficient (Kc) curve for the crop was drown by the following steps 
(Fig. 3.2): 
a. Establishment of sowing dates from local information and climatic 
conditions (actual dekadal rainfall and ETo values). 
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Table 3.9. An example of a sheet for computing crop water requirement 
satisfaction index 
Dekads: Consecutive numbers of decades, Ra: Actual rainfall, ETo: Reference 
evapotranspiration, KC: Crop coefficient , Wr: Water requirements of the crop, RS: 
Soil water reserve, S/D: Water surpluses or deficits, WI%: Water requirement 
satisfaction index. 
 
 
Fig. 3.2. Example of crop coefficient (Kc) curve. 
Dekad Ra ETo KC Wr Ra-WR RS S/D WI % 
19         
20         
21         
22         
23         
24         
25         
0
0.2
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0.6
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1.4
Dekad 
kc
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Devel.
midium 
stage
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kc mid. 
kc dev. 
late 
season 
stage
kc end 
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b. Determination of the total growing season and the length of developmental 
stages (Table 3.10). 
b. The Kc at initial stage (Kcini) can be obtained from Fig. 3.3 considering 
rainfall intervals and ETo (FAO, 1998). 
c. Identify mid-season and late season stages Kc values  
d. Plot crop initial, mid-season, developmental and late season Kc values 
assuming straight lines between Kc values.  
 
f. Water requirements (Wr): 
Column number five shows the amount of water that is required by the crop 
during the growing season, it was given by multiplying crop coefficients (Kc) 
by potential evapotranspiration ETo during the same dekad (mm): 
 
WR = Kc*ETo 
 
g. Differences between actual rainfall and crop water requirements (Ra – 
Wr): 
Column number six shows differences between actual precipitation and crop 
water requirements (Ra – Wr) for a single dekad. 
 
h. Water reserves in the Soil (RS): 
The seventh column shows the quantity of water that exists in the root zone of 
a crop at a given moment, and which the crop can readily utilize during each 
dekad. Available water was taken as 80 mm per meter (Omer, 1991).  
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Table 3.10. Length of growth stages (days) and crop coefficient (Kc) for 
millet, sorghum, sesame and groundnuts (FAO, 1998):    
Crop Millet Sorghum Sesame Groundnut 
Stage 
Number 
of days 
(Kc) 
Number 
of days 
(Kc) 
Number 
of days
(Kc) 
Number 
of days 
(Kc)
Initial 15 0.35 20 0.35 20 0.35 20 0.35 
Development 
stage 
20 1.00 25 1.10 30 1.10 30 1.15 
Middle stage 35 1.00 35 1.10 35 1.10 40 1.15 
Late stage 20 0.30 20 0.55 15 0.25 20 0.50 
  
 
 
Fig. 3.3 Average initial crop factors (Kc ini) as related to the 
level of ETo and rainfall intervals during the initial growth 
stage for all soil types.  
Source: FAO 1986.  
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i. Surpluses and Deficits of Water (S/D): 
The eighth column shows surpluses and deficits of water (S/D) in relation to 
the water balance and the soil water capacity. The deficits represented by 
minus sings (-) and also rainfall quantities that are more than available soil 
water (surplus) were assumed to be taken away from the root zone.   
 
j. The Index "Crop water requirement satisfaction index" (WI%): 
The ninth column – last column – in the water balance sheet reflects the index 
values from sowing to harvest in percentage. It is equal to the index in the 
previous dekad minus the water deficit divided by the total seasonal water 
requirement.   
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Chapter Four 
Results and Discussions 
 
4. 1 Sowing dates and length of the growing season: 
4. 1. 1 Sowing dates and length of the growing season at Ennahud, West 
Kordofan State: 
Fig. 4.1 shows the growing season of Ennahud as predicted from the 
distribution of normal rainfall and potential evapotranspiration and different 
growth periods of the growing season. The graph shows that the preparation 
period started in the first dekad of June and ended at about the end of the 
second dekad of July. The plot does not show a wet growth period i.e. a 
period where Pn > ETo. However, there is an overall growth season starting 
from the end of the second dekad of July up to about the end of August. The 
growth season is classified as intermediate. This explains that the length of the 
growing season at Ennahud is only about 40 days. Therefore, growing crops 
live only by the available moisture stored in the root zone after stopping of 
rainfall. 
 
4. 1. 2 Sowing dates and length of the growing season at Babanusa, West 
Kordofan State: 
Fig. 4.2 shows the distribution of mean normal rainfall and potential 
evapotranspiration and the growing season of Babanusa. The graph shows that 
the preparation period begins at about the end of second dekad of May and 
ends at about the end of June. The growing season does not show a wet 
period. However, there is a long growing season of about 80 days almost 
double the growing season of Ennahud.  
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Fig. 4.1. Distribution of mean normal rainfall (Pn) and potential evapotranspiration (ETo) and growth periods in 
Ennahud, West Kordofan State.  
ETo/10 
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Fig. 4.2. Distribution of mean normal rainfall (Pn) and potential evapotranspiration (ETo) and growth periods 
in Babanusa, West Kordofan State.  
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It is starting from the end of the last dekad of June up to about the end of the 
second dekad of September. 
 
4. 1. 3 Sowing dates and length of the growing season at El-Geneina, West 
Darfur State: 
Fig. 4.3 shows the distribution of mean normal rainfall and potential 
evapotranspiration and the growing season of El-Geneina. The graph shows 
that that the preparation period begins at about the middle of June and ends at 
about the beginning of the first dekad of July. The growing season does not 
show a wet period. The growing season begins at the beginning of the first 
dekad of July and ends in the middle of last dekad in August. This explains 
that the length of the growing season at El-Geneina is about 55 days. 
 
4. 2 Crop coefficient: 
Crop coefficient (Kc) values were taken as prepared by FAO (1998). For the 
initial stage Kc was interpolated from Fig. 2.3 using an average ETo equal to 
5.5 mm/ day, and 10 days rainfall intervals. 
  
4. 2. 1 Crop coefficient of millet: 
Fig. 4.4 shows millet coefficient curve (90 days). The millet coefficient 
increases from 0.35 to 0.72 at the initial stage which extends for 15 days. At 
the developmental (20 days), Kc increases from 0.72 to 1.0. At the mid season 
stage when the crop is fully developed including flowering period (20 days), 
Kc reaches its maximum value which is 1.0. As the crop begins seed filling 
and ripening (20 days), Kc decreases from 0.66 to 0.3. 
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Fig. 4.3. Distribution of mean normal rainfall (Pn) and potential evapotranspiration (ETo) and growth periods 
in El-Geneina, West Darfor State. 
 40
4. 2. 2 Crop coefficient of sorghum: 
Fig. 4.5 shows sorghum coefficient curve (100 days). The sorghum coefficient 
increases from 0.35 to 0.85 at the initial stage which extends for 20 days. At 
the developmental stage (25 days), Kc increases from 0.85 to 1.0. At the mid 
season stage when the crop is fully developed including flowering period (35 
days), Kc reaches its maximum value which is 1.1. At ripening stage (20 
days), Kc decreases from 0.80 to 0.55. 
 
4. 2. 3 Crop coefficient of sesame: 
Fig. 4.6 shows sesame coefficient curve (100 days). The sesame coefficient 
increases from 0.35 to 0.90 at the initial stage which extends for 20 days. At 
the developmental stage (20 days), Kc increases from 0.90 to 1.1. At the mid 
season stage when the crop is fully developed including flowering and pods 
formation (35 days), Kc reaches its maximum value which is 1.1. At ripening 
stage (15 days), Kc decreases from 0.85 to 0.25. 
 
4. 2. 4 Crop coefficient of groundnut: 
Fig. 4.7 shows groundnut coefficient curve (110 days). The groundnut 
coefficient increases from 0.35 to 0.85 at the initial stage which extends for 20 
days. At the developmental stage (30 days), Kc increases from 0.85 to 1.10. 
At the mid season stage when the crop is fully developed including flowering 
and pods formation (40 days), Kc reaches its maximum value which is 1.15. 
At ripening stage (20 days), Kc decreases from 1.10 to 0.60. 
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Fig. 4.4. Crop coefficient versus dekad for millet. 
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Fig. 4.5. Crop coefficient versus dekad for sorghum. 
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Fig. 4.6. Crop coefficient versus dekad for sesame. 
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Fig. 4.7. Crop coefficient versus dekad for groundnut. 
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4. 3 Water balance and crop water requirement satisfaction index: 
Water balance and crop water requirement satisfaction index were calculated 
for millet, sorghum, sesame and groundnut crops traditionally grown in both 
West Kordofan and West Darfur States for the period (1991-2000) using 
FAO-method. For Western Kordofan state meteorological informations of 
Ennahud and Babanusa stations were taken each with the total yield of the 
state to calculate the water balance and water requirement satisfaction index 
for the four mentioned crops. 
 
Results for the period 1991-1999 are shown in Annex tables. Results of 
season 2000 are given as an example in the main text.  
 
4. 3. 1 Water requirement satisfaction index in Ennahud, West Kordofan 
State:  
4. 3. 1. 1 Millet: 
Table 4.1 shows the calculations of water balance and satisfaction index of 
millet in Ennahud in season 2000. The data show that there was no water 
deficit from dekad 21 to dekad 25 and consequently the water satisfaction 
index (WI %) was equal to 100%. In dekad 26 there was a soil water deficit 
equal to 33.3 mm and this reduced WI by about 11% showing an index equal 
to 89%. Dekad 27 shows water deficit equal to 44.9 mm and reduced WI to 
74%. In Dekad 28, Ra-Wr was 5.7 mm, i.e. there was no deficit and WI did 
not change. Dekad 29 shows a deficit equals 9.0 mm which reduced WI by 
about 3. Thus, WI by the end of the season was equal to 71%. This final water 
requirement satisfaction index may be used as an indicator of crop yield at the 
end of the season. 
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Table 4.1. Calculation of water requirement satisfaction index of millet in 
2000 season in Ennahud, West Kordofan. 
Dekad Ra (mm) 
ETo 
(mm) Kc  
Wr 
(mm) 
Ra-
Wr 
(mm) 
Rs 
(mm) 
D 
(mm) WI%Season 
2000 
20 37.4 49.8 0.00 0.0 37.4 37.4 0.0 100 
1 21 8.3 49.2 0.35 17.2 -8.9 28.5 0.0 100 
2 22 40.8 45.9 0.55 25.2 15.6 44.0 0.0 100 
3 23 52.9 46.7 0.72 33.6 19.3 63.3 0.0 100 
4 24 12.1 47.9 1.00 47.9 -35.8 27.5 0.0 100 
5 25 19.4 46.1 1.00 46.1 -26.7 0.8 0.0 100 
6 26 12.6 46.7 1.00 46.7 -34.1 0.0 -33.3 89 
7 27 0.0 44.9 1.00 44.9 -44.9 0.0 -44.9 74 
8 28 33.1 41.5 0.66 27.4 5.7 5.7 0.0 74 
9 29 0.0 49.1 0.30 14.7 -14.7 0.0 -9.0 71 
Total  216.6 467.8  303.8     
Dekad: 9, 10 or 11 days according to the month, Ra: actual rainfall, ETo: 
potential evapotranspiration, Kc: crop factor, Wr: crop water requirement, Rs: 
crop water reserve, D: deficit, WI: water requirement satisfaction index. 
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Table 4.2 shows the seasonal WI, yield, total annual rainfall, ETo, water 
excess/deficit (S/D) and the total water requirement (Wrt) of millet for the 
period 1991-2000. The data show that the total rainfall ranged from 192 mm 
in 1993 to 392 mm in 1995 with a mean of 284.5 mm and C.V. of about 23%. 
Seasonal ETo ranged from 461.5 mm in 1996 to 564.9 mm in 1993 with a 
mean of 494.6 mm and C.V. of about 6%. The Wrt of millet ranged from 
284.9 in 1996 to 367.4 mm in 1993 with a mean of 316.6 mm and C.V. of 
about 7%. This indicates that the seasonal rainfall variation was moderate 
during this decade, whereas the variation in the seasonal ETo was low. The 
crop water deficit ranged from 17.8 in season 1999 to 175.2 mm in 1993. 
There was excess water in the years 1992, 95, 96 and 98. However, this 
excess occurs at the beginning of the season and since the soil was sandy loam 
the water percolated deeply into the soil and was not conserved for later use. 
For the period 1991-2000 there was no water deficit from dekad 21 to dekad 
25 in millet except in season 1993. Yield of millet ranged from 5.9 kg/fed in 
1995 to 108 kg/fed in 1994 and C.V. of about 68%. The crop water index 
ranged from 52% in 1993 to 98% in 1995 with a mean of 80.7 and C.V of 
about 18%.  
 
Fig. 4.8 shows there was significant cubic correlation (r = 0.647, P < 0.05) 
between water requirement satisfaction index and millet yield in Ennahud 
area. The cubic sign implies that the reduction in yield is attributed to multiple 
factors, e.g. sowing date, late maturing varieties and imprecision of yield 
assessment. This is indicated by the reduction in yield as water index 
increases. Season 1994 shows the highest yield because farmers used 
improved imported seeds. Season 1995 shows the lowest yield because 
farmers grew large area with mixed uncertain seeds (Abu-elgasim, 1999).    
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Table 4.2. Seasonal water satisfaction index (WI), yield, rainfall, 
potential evapotranspiration (ETo), water excess or deficit (S/D) 
and water requirement (Wrt) of millet at Ennahud during the period 
1991-2000.   
Season WI % Yield (Kg/fed.)
Rainfall 
(mm) 
ETo 
(mm) 
Wrt. 
(mm) 
S/D 
(mm) 
1991 70 21.7 231.6 512.2 329.4 -97.8 
1992 85 29.4 359.9 502.1 322.7 37.2 
1993 52 19.7 192.2 564.9 367.4 -175.2 
1994 83 108 259.0 497.5 312.5 -53.5 
1995 98 5.9 392.0 472.2 305.2 86.8 
1996 96 32.6 322.4 461.5 284.9 37.5 
1997 70 73.3 242.9 501.8 315.7 -72.7 
1998 96 41.9 320.0 464.3 298.2 21.8 
1999 86 52.2 308.8 502.0 326.6 -17.8 
2000 71 63 216.6 467.8 303.8 -87.2 
Mean 80.7 44.7 284.5 494.6 316.6  
Sd. 14.8 30.4 65.7 31.0 22.4  
Max. 98 108 392.0 564.9 367.4 86.8 
Min. 52 5.9 192.2 461.5 284.9 -175.2 
C.V. 18 68 23 6 7  
 
y = -0.0027x3 + 0.5275x2 - 31.867x + 
631.77
R2 = 0.4191
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Fig. 4.8 Millet yield as a function of water index for 
Ennahud area  
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4. 3. 1. 2 Sorghum: 
Table 4.3 shows the calculations of water balance and satisfaction index of 
sorghum in Ennahud in season 2000. The data show that there was no water 
deficit from dekad 21 to dekad 24 and consequently the WI% was equal to 
100%. In dekad 25 there was a soil water deficit equal to 9.9 mm and this 
reduced WI by 2% showing an index equal to 98%. Dekad 26 shows soil 
water deficit equal to 38.8 mm and this reduced WI by 10% showing an index 
equal to 88%.  Dekad 27 shows a soil water deficit equal to 49.4 mm and this 
reduced WI by about 12% showing an index equal to 76%. Dekad 28 shows a 
soil water deficit equal to 12.6 mm and this reduced WI by 3% showing an 
index equal to 73%. Dekad 29 shows a soil water deficit equal to 39.3 mm and 
this reduced WI by 10% showing an index equal to 63%. And in dekad 30 
there was a soil water deficit equal to 29.6 mm and this reduced WI by 7% 
showing an index equal to 56%. This final water requirement satisfaction 
index may be used as an indicator of crop yield at the end of the season.  
 
Table 4.4 shows the seasonal WI%, yield, total annual rainfall, ETo, water 
excess/deficit (S/D) and the total water requirement (Wrt) of sorghum during 
the period 1991-2000. The data show that the total rainfall ranged from 192.2 
in 1993 to 395.4 mm in 1995 with a mean of 287.1 mm and C.V. of about 
23%. Seasonal ETo ranged from 512.6 in 1998 to 614 mm in 1993 with a 
mean of 544.7 mm and C.V. of about 6%. The Wrt of sorghum ranged from 
377.7 mm in season 1996 to 465.8 mm in 1993 with a mean of 408.8 mm and 
C.V. of about 6 %. The crop water deficit ranged from 0.8 in 1995 to 273.6 
mm in season 1993. the data show that there was no water deficit from dekad 
21 to 25 in most seasons for the period 1991-2000. Yield of sorghum ranged 
from 4.6 in 1996 to 167.2 kg/fed in 1999 with a mean equal to 87.4 Kg/fed.  
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Table 4.3. Calculation of the water requirement satisfaction index of sorghum 
in 2000 season in Ennahud, West Kordofan. 
Dekad Ra (mm) 
ETo 
(mm) Kc 
Wr 
(mm) 
Ra-Wr 
(mm) 
Rs 
(mm) 
D 
(mm) I% Season  
2000 
20 37.4 49.8 0.00 0.0 37.4 37.4 0.0 100 
1 21 8.3 49.2 0.35 17.2 -8.9 28.5 0.0 100 
2 22 40.8 45.9 0.55 25.3 15.6 44.1 0.0 100 
3 23 52.9 46.7 0.85 39.7 13.2 57.3 0.0 100 
4 24 12.1 47.9 1.00 47.9 -35.8 21.5 0.0 100 
5 25 19.4 46.1 1.10 50.7 -31.3 0.0 -9.9 98 
6 26 12.6 46.7 1.10 51.4 -38.8 0.0 -38.8 88 
7 27 0.0 44.9 1.10 49.4 -49.3 0.0 -49.4 76 
8 28 33.1 41.1 1.10 45.2 -12.1 0.0 -12.1 73 
9 29 0.0 49.1 0.80 39.3 -39.3 0.0 -39.3 63 
10 30 0.0 53.8 0.55 29.6 -29.6 0.0 -29.6 56 
TOTAL  216.6 521.6  396.1     
Abbreviations as in Table 4.1  
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Table 4.4. Seasonal water satisfaction index (WI), yield, rainfall, potential 
evapotranspiration (ETo), water excess or deficit (S/D) and water 
requirement (Wrt) of sorghum at Ennahud during the period 1991-
2000.   
Season WI % Yield (Kg/fed.)
Rainfall 
(mm) 
ETo 
(mm) 
Wrt. 
(mm) 
D 
(mm) 
1991 54 58.2 233.3 563.9 428.2 -194.9 
1992 68 70.9 361.6 553.8 417.7 -56.1 
1993 41 66.7 192.2 614.0 465.8 -273.6 
1994 69 109.9 277.5 547.7 402.5 -125.0 
1995 79 56.4 395.4 521.1 396.2 -0.8 
1996 74 4.6 322.4 516.0 377.7 -55.3 
1997 59 99.6 242.9 548.5 405.9 -163 
1998 83 124.5 320.0 512.6 384.6 -64.6 
1999 75 167.2 308.8 547.5 413.6 -104.8 
2000 56 75.6 216.6 521.6 396.1 -179.5 
Mean  65.7 87.4 287.1 544.7 408.8  
Sd. 13 37.7 65.8 30.2 25.0  
Max. 83 167.2 395.4 614.0 465.8 -0.8 
Min. 41 4.6 192.2 512.6 377.7 -273.6 
C.V. 20 43 23 6 6  
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Yield of sorghum ranged from 4.6 in 1996 to 167.2 kg/fed in 1999 with a 
mean equal to 87.4 Kg/fed. and C.V. of about 43%. The crop water index 
ranged from 41% in 1993 to 83% in 1998 with a mean of 65.7 and C.V of 
about 20%.  
 
Fig. 4.9 shows there was a non-significant cubic correlation (r = 0.258) 
between water requirement satisfaction index and sorghum yield in Ennahud 
area. The cubic sign implies that in addition to water index sorghum 
production in this area is affected by other multiple factors. Some of these 
factors were associated with the farm management sowing date, late maturing 
varieties, in addition to the imprecision of yield assessment data.          
 
4. 3. 1. 3 Sesame: 
Table 4.5 shows the calculations of water balance and satisfaction index of 
sesame in Ennahud in season 2000. The data show that there was no water 
deficit from dekad 21 to dekad 24 and consequently the WI% was equal to 
100%. Dekad 25 shows a soil water deficit equal to 17 mm which reduced WI 
by 5% showing an index equal to 95%. Dekad 26 shows a soil water deficit 
equal to 38.8 mm which reduced WI by about 11% showing an index equal to 
84%. Dekad 27 shows a soil water deficit equal to 49.4 mm which reduced WI 
by 14% showing an index equal to 70%. Dekad 28 shows a small amount of 
soil water deficit equal to 2.2 mm and WI reduced by about 1% showing an 
index equal to 69%. Dekad 29 shows a soil water deficit equal to 27 mm which 
reduced WI by 7% showing an index equal to 62%. Dekad 30 shows a soil 
water deficit of 13.5 mm which reduced WI by about 4% showing an index of 
58%. This final WI may be used as an indicator of sesame yield at the end of 
the season. 
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y = 0.0024x3 - 0.427x2 + 25.724x - 
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Fig. 4.9 Sorghum yield as a function of water 
index for Ennahud area  
 
 
 
 Table 4.5. Calculation of the water requirement satisfaction index of sesame 
in 2000 season in Ennahud, West Kordofan*. 
Dekad Ra (mm) 
ETo 
(mm) Kc 
Wr 
(mm)
Ra-
Wr 
(mm) 
Rs 
(mm) 
D 
(mm) WI%Season  2000 
20 37.4 49.8 0.00 0.0 37.4 37.4 0.0 100 
1 21 8.3 49.2 0.35 17.2 -8.9 28.5 0.0 100 
2 22 40.8 45.9 0.55 25.3 15.6 44.1 0.0 100 
3 23 52.8 46.7 0.90 42.0 10.8 54.9 0.0 100 
4 24 12.1 47.9 1.10 52.7 -40.6 14.3 0.0 100 
5 25 19.4 46.1 1.10 50.7 -31.3 0.0 -17.0 95 
6 26 12.6 46.7 1.10 51.4 -38.8 0.0 -38.8 84 
7 27 0.0 44.9 1.10 49.4 -49.4 0.0 -49.4 70 
8 28 33.1 41.5 0.85 35.3 -2.2 0.0 -2.2 69 
9 29 0.0 49.1 0.55 27.0 -27.0 0.0 -27.0 62 
10 30 0.0 53.8 0.25 13.5 -13.5 0.0 -13.5 58 
TOTAL  216.6 521.6  364.4     
*Abbreviations as in Table 4.1 
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Table 4.6 shows the seasonal WI%, yield, total annual rainfall, ETo, water 
excess/deficit (S/D) and the total water requirement (Wrt) of sesame during 
the period 1991-2000. The data show that total rainfall ranged from 192.2 in 
1993 to 395.4 mm in 1995 with a mean of 287.1 mm and C.V. of about 23%. 
Seasonal ETo ranged from 512.6 in 1998 to 614 mm in 1993 with a mean of 
544.7 mm and C.V. of about 6%. The Wrt of sesame ranged from 343.9 mm 
in season 1996 to 434.6 mm in 1993 with a mean of 376.2 mm and C.V. of 
about 6 %. The crop water deficit ranged from 242.4 in season 1993 to 21.5 
mm in 1996 and there was a surplus of 30.3 mm in 1995. Crop yield ranged 
from 9.8 in 1995 to 89.8 kg/fed in 1999 with a mean equal to 32.7 kg/fed. and 
C.V. of about 81%. The crop water satisfaction index ranged from 44% in 
1993 to 90% in 1998 with a mean of 71 and C.V of about 20%. 
 
Fig. 4.10 shows there was a non-significant cubic correlation (r = 0.367) 
between water requirement satisfaction index and sesame yield in Ennahud 
area. The cubic sign implies that in addition to water index the reduction in 
yield is attributed to other factors like in millet and sorghum crops. 
 
4. 3. 1. 4 Groundnut: 
Table 4.7 shows the calculations of water balance and satisfaction index of 
groundnut in Ennahud in season 2000. The data show that there was no water 
deficit from dekad 21 to dekad 24 and consequently WI% was equal to 100%. 
From dekad 25 to dekad 31 there was a soil water deficit equal to 7.6, 41.1, 
51.6, 14.6, 54.0, 48.4, 31.9 mm, respectively. These water deficit resulted in an 
index reduction of 2, 9, 11, 3, 12, 10 and 7% respectively, and consequently 
gave indices of 98, 89, 78, 75, 63, 53 and 46% in dekad 31. This final WI may 
be used as an indicator of groundnut yield at the end of the season. 
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Table 4.6. Seasonal water satisfaction index (WI), yield, rainfall, potential 
evapotranspiration (ETo), water excess or deficit (S/D) and total 
water requirement (Wrt) of sesame at Ennahud during the period 
1991-2000.   
Season Index % 
Yield 
(kg/fed.)
Rainfall 
(mm) 
ETo 
(mm) 
Wrt. 
(mm) 
S/D 
(mm) 
1991 59 13.3 233.3 518.9 378.4 -145.1 
1992 75 32.1 361.6 553.8 385.2 -23.6 
1993 44 40.5 192.2 614.0 4346 -242.4 
1994 73 16. 7 277.5 547.7 372.4 -94.9 
1995 85 9.8 395.4 521.1 365.1 30.3 
1996 83 11.6 322.4 516.0 343.9 -21.5 
1997 61 32.0 242.9 548.5 375.8 -132.9 
1998 90 64.7 320.0 512.6 355.6 -35.6 
1999 80 89.8 308.8 547.5 386.5 -77.7 
2000 59 16.0 216.6 521.6 364.4 -147.8 
Mean  71 32.7 287.1 544. 7 376.2  
Sd. 14.5 26.3 65.8 30.2 24.4  
Max. 90 89.8 395.4 614.0 434.6 30.3 
Min. 44 9.8 192.2 512.6 343.9 -242.4 
C.V. 20 81 23 6 6  
 
y = -0.0009x3 + 0.219x2 - 16.613x + 
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Fig. 4.10 Sesame yield as a function of water index for 
Ennahud area 
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Table 4.7. Calculation of the water requirement satisfaction index of 
groundnut in 2000 season in Ennahud, West Kordofan*. 
Dekad Ra (mm) 
ETo 
(mm) Kc 
Wr 
(mm)
Ra-
Wr 
(mm) 
Rs 
(mm) 
D 
(mm) I% Season  
2000 
20 37.4 49.8 0.00 0.0 37.4 37.4 0.0 100 
1 21 8.3 49.2 0.35 17.2 -8.9 28.5 0.0 100 
2 22 40.8 45.9 0.50 23.0 17.8 46.3 0.0 100 
3 23 52.9 46.7 0.85 39.7 13.2 59.5 0.0 100 
4 24 12.1 47.9 1.00 47.9 -35.8 23.7 0.0 100 
5 25 19.4 46.1 1.10 50.7 -31.3 0.0 -7.6 98 
6 26 12.6 46.7 1.15 53.7 -41.1 0.0 -41.1 89 
7 27 0.0 44.9 1.15 51.6 -51.6 0.0 -51.6 78 
8 28 33.1 41.5 1.15 47.7 -14.6 0.0 -14.6 75 
9 29 0.0 49.1 1.10 54.0 -54.0 0.0 -54.0 63 
10 30 0.0 53.8 0.90 48.4 -48.4 0.0 -48.4 53 
11 31 0.0 53.2 0.60 31.9 -31.9 0.0 -31.9 46 
total  216.6 574.8  465.9     
*Abbreviations as in Table 4.1 
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Table 4.8 shows the seasonal WI%, yield, total annual rainfall, ETo, water 
excess/deficit (S/D) and the total water requirement (Wrt) of groundnut during 
the period 1991-2000. The data show that total rainfall ranged from 192.2 in 
1993 to 395.4 mm in 1995 with a mean of 287.4 mm and C.V. of about 23%. 
Seasonal ETo ranged from 561.7 in 1998 to 669.1 mm in 1993 with a mean of 
593.6 mm and C.V. of about 5%. The Wrt ranged from 448.5 mm in season 
1998 to 535.7 mm in 1993 with a mean of 475.7 mm and C.V. of about 5%. 
The crop water deficit ranged from 343.5 in season 1993 to 69 mm in 1995. 
Crop yield ranged from 26.5 in 1995 to 299.5 kg/fed in 1999 with a mean of 
144.2 Kg/fed. and C.V. of about 55%. The water index ranged from 36% in 
1993 to 71% in 1998 with a mean of 55.9 and C.V. of about 20%. 
 
Fig. 4.11 shows there was a non-significant cubic correlation (r = 0.588) 
between water requirement satisfaction index and groundnut yield in Ennahud 
area. The cubic sign implies that the reduction in yield is attributed to multiple 
factors. These factors include sowing date, late maturing varieties and 
imprecision of yield assessment and this is indicated by the reduction in yield 
as the water requirement satisfaction index increases. 
 
4. 3. 1. 5 Seasonal rainfall and potential evapotraspiration in Ennahud: 
Table 4.9 shows the variability of average rainfall and potential 
evapotraspiration at Ennahud during each season for the period 1991-2000. 
The data show that maximum dekadal rainfall ranged from 110.3 mm in 
season 1991 to 42.5 mm in 1993, with a mean of 81.5 mm and C.V. of about 
27%. Minimum rainfalls equal to zero. The mean dekadal rainfall ranged from 
19.9 mm in 1993 to 38.5 mm in 1995. Seasonal C.V. of actual rainfall ranged 
from 67.9 in 1999 to 146.6% in 1991. Maximum dekadal ETo ranged from  
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Table 4.8. Seasonal water satisfaction index (WI), yield, rainfall, potential 
evapotranspiration (ETo), water excess or deficit (S/D) and water 
requirement (Wrt) of groundnut at Ennahud during the period 
1991-2000.   
Season Index % 
Yield 
(Kg/fed.)
Rainfall 
(mm) 
ETo 
(mm) 
Wrt. 
(mm) 
D 
(mm) 
1991 48 85.7 233.3 575.8 485.6 -252.3 
1992 58 97.9 361.6 603.3 484.9 -123.3 
1993 36 26.5 192.2 669.1 535.7 -343.5 
1994 59 245.1 277.5 600.2 469.6 -192.1 
1995 67 90.6 395.4 573.7 464.4 -69.0 
1996 62 137.7 322.4 571.5 448.7 -126.3 
1997 48 158.4 245.9 599.8 471.1 -225.2 
1998 71 150.8 320.0 561.7 448.5 -128.5 
1999 64 299.5 308.8 605.9 482.2 -173.4 
2000 46 149.4 216.6 574.8 465.9 -249.3 
Mean  55.9 144.2 287.4 593.6 475.7  
Sd. 11 79.5 65.6 30.9 24.9  
Max. 71 299.5 395.4 669.1 535.7 -69.0 
Min. 36 26.5 192.2 561.7 448.5 -343.5 
C.V. 20 55 23 5 5  
 
y = -0.0042x3 + 0.4338x2 - 5.5999x - 
133.1
R2 = 0.346
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Fig. 4.11 Groundnut yield as a function of water index for 
 Ennahud area 
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Table 4.9. Dekadal rainfall and potential evapotraspiration during the crop season 
at Ennahud for the period 1991-2000. 
Rainfall (mm) Potential evapotranspiration (mm) 
Season 
 Max. Min. Mean Sd. C.V.% Max. Min. Mean Sd. C.V.%
1991 110.3 0.0 23.6 34.5 147 54.5 47.0 50.6 2.6 5 
1992 103.2 0.0 36.7 35.5 97 55.8 47.3 49.6 2.7 5 
1993 42.5 6.9 20.0 14.3 71 60.2 49.0 55.5 4.0 7 
1994 77.2 2.0 28.1 25.2 90 57.4 42.4 48.5 5.2 11 
1995 90.4 0.0 38.5 38.1 99 51.5 42.4 47.0 3.0 6 
1996 88.2 0.0 30.5 27.6 91 53.3 35.4 44.7 4.9 11 
1997 92.8 0.0 25.0 35.0 140 56.7 32.5 49.1 7.2 15 
1998 94.5 0.2 35.0 31.4 90 52.6 40.5 46.0 3.8 8 
1999 62.9 2.9 32.1 21.8 68 54.9 40.3 49.6 5.0 10 
2000 52.9 0.0 19.9 18.5 93 49.2 41.5 46.4 2.4 5 
Mean  81.5 1.2 29   54.6 41.8 48.7   
Sd. 22.2 2.3 6.7   3.2 5.2 3.0   
Max. 110.3 6.9 38.5  147 60.2 49 55.5  15 
Min. 42.5 0 20  68 49.2 32.5 44.7  5 
C.V. 27 188 23   6 12 6   
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60.2 mm in season 1991 to 49.2 mm in 2000 with a mean of 64.5 mm and C.V 
of about 6%. Minimum ETo ranged from 32.5 mm in 1997 to 49 mm in 1993. 
The mean dekadal rainfall ranged from 19.9 mm in 1993 to 38.5 mm in 1995. 
Seasonal C.V. of ETo ranged from 5.1 in 2000 to 14.6 in 1997. 
 
Generally, the soil water deficits were differing according to dekadal rainfall 
and the crop factor. In Ennahud area the data show that there was no soil 
water deficit from dekad 21 to dekad 25 in most seasons for the period 1991-
2000 in crops. Between crops, millet shows the highest water index followed 
by sesame and sorghum whereas groundnut shows the lowest water indices. 
 
4. 3. 2. Water requirement satisfaction index in Babanusa, West 
Kordofan:  
4. 3. 2. 1 Millet: 
Table 4.10 shows the calculations of water balance and satisfaction index of 
millet in Babanusa in season 2000. The data show that there was no water 
deficit for the whole season extending from dekad 19 to dekad 27 and 
consequently the WI% of millet was equal to 100%. This final water 
requirement satisfaction index may be used as an indicator of millet yield at 
the end of the season.   
 
Table 4.11 shows the seasonal WI%, yield, total annual rainfall, ETo, water 
excess/deficit (S/D) and the total water requirement (Wrt) of millet during the 
period 1991-2000. The data show that total rainfall ranged from 265.5 in 1993 
to 669.5 mm in 1992 with a mean of 384.9 mm and C.V. of about 32%. 
Seasonal ETo ranged from 299.1 in 1994 to 390.5 mm in 1993 with a mean of 
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Table 4.10. Calculation of water requirement satisfaction index of millet 
in 2000 season in Babanusa, West Kordofan. 
Dekad Ra (mm) 
ETo 
(mm) Kc  
Wr 
(mm)
Ra-Wr 
(mm) 
Rs 
(mm) 
D 
(mm) WI%Season  2000 
18 23.4 46.5 0.00 0.0 23.4 23.4 0.0 100 
1 19 84.1 41.2 0.35 14.4 69.7 80.0 0.0 100 
2 20 54.5 34.0 0.55 18.7 35.8 80.0 0.0 100 
3 21 50.7 34.8 0.72 25.1 25.6 80.0 0.0 100 
4 22 67.0 23.3 1.00 23.3 43.7 80.0 0.0 100 
5 23 19.2 23.0 1.00 23.0 -3.8 76.2 0.0 100 
6 24 38.7 29.2 1.00 29.2 9.5 80.0 0.0 100 
7 25 47.3 28.3 1.00 28.3 19.0 80.0 0.0 100 
8 26 18.1 31.7 0.66 20.9 -2.8 77.2 0.0 100 
9 27 27.3 34.5 0.30 10.4 17 80.0 0.0 100 
TOTAL  430.3 326.5  193.3     
 Abbreviations as in Table 4.1 
Table 4.11. Seasonal water satisfaction index (WI), yield, rainfall, 
potential evapotranspiration (ETo), water excess or deficit (S/D) 
and water requirement (Wrt) of millet at Babanusa during the 
period 1991-2000.   
Season Index % 
Yield 
(kg/fed.)
Rainfall 
(mm) 
ETo 
(mm)
Wrt. 
(mm)
S/D 
(mm) 
1991 100 21.7 355.6 326.5 204.8 121.7 
1992 100 29.4 669.5 377.2 219.7 157.5 
1993 96 19.7 265.5 390.5 261.2 129.3 
1994 100 108.0 436.6 299.1 190.3 108.8 
1995 100 5.9 294.3 307.2 191.7 115.5 
1996 100 32.6 345.1 338.0 205.8 132.2 
1997 100 73.3 327.7 371.9 236.5 135.4 
1998 100 41.9 456.5 302.8 181.1 121.7 
1999 100 52.2 267.7 310.2 185.5 124.8 
2000 100 63.0 430.3 326.5 193.3 133.3 
Mean  44.8 384.9 335.0 207.0  
Sd.  30.3 121.5 33.5 25.4  
Max. 100 108.0 669.5 390.5 261.2 157.5 
Min. 96 5.9 265.5 299.1 181.1 108.8 
C.V.  68 32 10 12  
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33.5 mm and C.V. of about 10%. The Wrt ranged from 181.1 mm in season 
1998 to 261.2 mm in 1993 with a mean of 207 mm and C.V. of about 12%. 
Crop yield ranged from 6 in 1995 to 108 kg/fed in 1994 with a mean of 44.8 
kg/fed. and C.V. of about 68%. The data show that there was a surplus of 
water ranged from 109 mm in season 1994 to 157.5 mm in season 1992. The 
water index was 100% in seasons from 1991 to 2000 except season 1993 it 
was 96%. This indicates that the crop did not suffer water stress and the 
variation in yield during this period is attributed to cultural and farm 
management practices and imprecision yield data. 
 
4. 3. 2. 2 Sorghum: 
Table 4.12 shows the calculations of water balance and satisfaction index of 
sorghum in Babanusa in season 2000. As in millet there was no water deficit 
for the whole season and consequently the WI % was equal to 100%. This 
final water requirement satisfaction index may be used as an indicator of 
sorghum yield at the end of the season.   
 
Table 4.13 shows the seasonal WI%, yield, total annual rainfall, ETo, water 
excess/deficit (S/D) and the total water requirement (Wrt) of sorghum during 
the period 1991-2000. The data show that total rainfall ranged from 289.8 in 
1993 to 673 mm in 1992 with a mean of 407.7 mm and C.V. of about 29%. 
Seasonal ETo ranged from 329 in 1998 to 441.5 mm in 1993 with a mean of 
371.5 mm and C.V. of about 10%. The Wrt ranged from 231.1 mm in season 
1998 to 354.1 mm in 1993 with a mean of 271.4 mm and C.V. of about 12%. 
Crop yield ranged from 45.5 in 1996 to 167.2 kg/fed in 1999 with a mean of 
87 Kg/fed. and C.V. of about 43%. The data show that there was a surplus of  
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Table 4.12. Calculation of water requirement satisfaction index of 
sorghum in 2000 season in Babanusa, West Kordofan. 
Dekad Ra (mm) 
ETo 
(mm) Kc 
Wr 
(mm)
Ra-Wr 
(mm) 
Rs 
(mm)
D 
(mm) WI% 
Season 
2000 
18 23.4 46.5 0.00 0.0 23.4 23.4 0.0 100 
1 19 84.1 41.2 0.35 14.4 69.7 80.0 0.0 100 
2 20 54.5 34.0 0.55 18.7 35.8 80.0 0.0 100 
3 21 50.7 34.8 0.85 29.6 21.1 80.0 0.0 100 
4 22 67.0 23.3 1.00 23.3 43.7 80.0 0.0 100 
5 23 19.2 23.0 1.10 25.3 -6.1 73.9 0.0 100 
6 24 38.7 29.2 1.10 32.1 6.6 80.5 0.0 100 
7 25 47.3 28.3 1.10 31.1 16.2 80.0 0.0 100 
8 26 18.1 31.7 1.10 34.9 -16.8 63.2 0.0 100 
9 27 27.3 34.5 0.80 27.6 -0.3 62.9 0.0 100 
10 28 37.5 30.5 0.55 16.8 20.7 80.0 0.0 100 
TOTAL  467.8 357.0  253.8     
Abbreviations as in Table 4.1 
Table 4.13. Seasonal water satisfaction index (WI), yield, rainfall, 
potential evapotranspiration (ETo), water excess or deficit (S/D) 
and water requirement (Wrt) of sorghum at Babanusa during the 
period 1991-2000.   
Season Index % 
Yield 
(kg/fed.)
Rainfall 
(mm) 
ETo 
(mm) 
Wrt. 
(mm) 
S/D 
(mm) 
1991 100 58.2 356.7 368.4 272.1 96.3 
1992 100 70.9 673.0 410.8 277.9 132.9 
1993 85 66.7 289.8 441.5 345.1 96.4 
1994 100 109.9 455.6 340.7 261.1 79.6 
1995 100 56.4 297.0 349.7 257.9 91.8 
1996 100 45.5 411.8 366.6 264.2 102.4 
1997 100 99.6 329.7 415.1 310.0 105.1 
1998 100 124.5 491.3 329.0 231.4 97.7 
1999 100 167.2 304.1 336.3 240.0 96.3 
2000 100 75.6 467.8 357.0 253.8 103.2 
Mean   87.4 407.7 371.5 271.4  
Sd.  37.7 119.7 38.1 33.7  
Max. 100 167.2 673.0 441.5 345.1 132.9 
Min. 85 45.5 289.8 329.0 231.4 79.6 
C.V.  43 29 10 12  
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water ranged from 79.6 mm in season 1994 to 132.9 mm in season 1992. The 
water index was 100% in seasons from 1991 to 2000 except season 1993 it 
was 85%. This indicates that the crop did not suffer water stress during this 
period and the variations in yield were attributed to other factors, e.g. crop 
input and farm management.  
 
4. 3. 2. 3 Sesame: 
Table 4.14 shows the calculations of water balance and satisfaction index of 
sesame in Babanusa in season 2000. Also there was no water deficit for the 
whole season and consequently the WI % was equal to 100%. This final water 
requirement satisfaction index may be used as an indicator of sesame yield at 
the end of the season.   
 
Table 4.15 Table 4.8 shows the seasonal WI%, yield, total annual rainfall, 
ETo, water excess/deficit (S/D) and the total water requirement (Wrt) of 
seasme during the period 1991-2000. The data show that total rainfall and 
ETo are the same as in sorghum. The Wrt ranged from 215.1 mm in season 
1998 to 315.3 mm in 1993 with a mean of 271.4 mm and C.V. of about 12%. 
Crop yield ranged from 9.8 in 1995 to 89.8 kg/fed in 1999 with a mean of 
32.7 kg/fed. and C.V. of about 81% this variation in yield is attributed to 
different man factors. The data show that there was a water deficit in season 
1993 equal to 25.5 mm. The rest seasons show water surplus ranged from 45 
mm in season 1997 to 413 mm in season 1992. The water index was 100% in 
seasons from 1991 to 2000 except season 1993 it was 88%. This indicates that 
the crop did not suffer water stress during this period. 
 
 63
Table 4.14. Calculation of the water requirement satisfaction index of 
sesame in 2000 season in Babanusa, West Kordofan. 
Dekad Ra (mm) 
ETo 
(mm) Kc 
Wr 
(mm)
Ra-Wr 
(mm)
Rs 
(mm)
D 
(mm) WI% Season  2000 
18 23.4 46.5 0.00 0.0 23.4 23.4 0.0 100 
1 19 84.1 41.2 0.35 14.4 69.7 80.0 0.0 100 
2 20 54.5 34.0 0.55 18.7 35.8 80.0 0.0 100 
3 21 50.70 34.8 0.90 31.3 19.4 80.0 0.0 100 
4 22 67.0 23.3 1.10 25.6 41.4 80.0 0.0 100 
5 23 19.2 23.0 1.10 25.3 -6.1 73.9 0.0 100 
6 24 38.7 29.2 1.10 32.1 6.6 80.5 0.0 100 
7 25 47.3 28.3 1.10 31.1 16.2 80.0 0.0 100 
8 26 18.1 31.7 0.85 27.0 -8.9 71.2 0.0 100 
9 27 27.3 34.5 0.55 19.0 8.3 79.5 0.0 100 
10 28 37.5 30.5 0.25 7.6 29.9 80.0 0.0 100 
TOTAL  467.8 357.0  232.1     
 Abbreviations as in Table 4.1 
Table 4.15. Seasonal water satisfaction index (WI), yield, rainfall, 
potential evapotranspiration (ETo), water excess or deficit (S/D) 
and water requirement (Wrt) of sesame at Babanusa during the 
period 1991-2000.   
Season Index % 
Yield 
(kg/fed.)
Rainfall 
(mm) 
ETo 
(mm) 
Wrt. 
(mm) 
S/D 
(mm) 
1991 100 13.3 356.7 368.4 246.8 109.9 
1992 100 32.1 673.0 410.8 260.0 413.0 
1993 88 40.5 289.8 441.5 315.3 -25.5 
1994 100 16.7 455.6 340.7 233.5 222.1 
1995 100 9.8 297.0 349.7 233.3 63.7 
1996 100 11.6 411.8 366.6 244.4 167.4 
1997 100 32.0 329.7 415.1 284.7 45.0 
1998 100 64.7 491.3 329.0 215.1 276.2 
1999 100 89.8 304.1 336.3 220.8 83.3 
2000 100 16.0 467.8 357.0 232.2 235.6 
Mean   32.7 407.7 371.5 248.6  
Sd.  26.3 119.7 38.1 30.8  
Max. 100 89.8 673.0 441.5 315.3 413.0 
Min. 88 9.8 289.8 329.0 215.1 -25.5 
C.V.  81 30 10 12  
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4. 3. 2. 4 Groundnut: 
Table 4.16 shows the calculations of water balance and satisfaction index of 
groundnut in Babanusa in season 2000. The data show that there was no water 
deficit for the whole season extending from dekad 19 to dekad 29 and 
consequently the WI % was equal to 100%. This final water requirement 
satisfaction index may be used as an indicator of groundnut yield at the end of 
the season.   
 
Table 4.17 Table 4.8 shows the seasonal WI%, yield, total annual rainfall, 
ETo, water excess/deficit (S/D) and the water requirement (Wrt) of groundnut 
during the period 1991-2000. The data show that total rainfall ranged from 
297 in 1995 to 679.4 mm in 1992 with a mean of 413 mm and C.V. of about 
29%. ETo ranged from 355.6 in 1998 to 494 mm in 1993 with a mean of 414 
mm and C.V. of about 10%. The Wrt ranged from 266.8 mm in season 1998 
to 413.4 mm in 1993 with a mean of 323 mm and C.V. of about 12%. Crop 
yield ranged from 26.5 in 1993 to 299.5 kg/fed in 1999 with a mean of 144.2 
kg/fed. and C.V. of about 55.2%. There water deficits in seasons 1993/1995 
and 1997 equal to 144.4, 29.9 and 18.5 mm respectively. Other seasons show 
water surplus ranged from 27.6 in season 1999 to 356.1 mm in 1992. Crop 
productivity ranged from 26.5 in 1995 to 299.5 kg/fed in 1999 with a mean of 
144.2 kg/fed. and C.V. of about 55%. The water index was 91, 72, 85 and 
87% in seasons 1991, 93, 95 and 1997 and was equal to 100 in all other 
seasons. 
 
Fig. 4.12 shows there was a significant cubic correlation (r0.05 = 0.66) between 
water requirement satisfaction index and groundnut yield in Babanusa area.  
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Table 4.16. Calculation of water requirement satisfaction index of 
groundnut in 2000 season in Babanusa, West Kordofan.  
Dekad Ra (mm) 
ETo 
(mm) Kc 
Wr 
(mm)
Ra-Wr 
(mm) 
Rs 
(mm) 
D 
(mm) WI%Season  
2000 
18 23.4 46.5 0.00 0.0 23.4 23.4 0.0 100 
1 19 84.1 41.2 0.35 14.4 69.7 80.0 0.0 100 
2 20 54.5 34.0 0.50 17.0 37.5 80.0 0.0 100 
3 21 50.7 34.8 0.85 29.6 21.1 80.0 0.0 100 
4 22 67.0 23.3 1.00 23.3 43.7 80.0 0.0 100 
5 23 19.2 23.0 1.10 25.3 -6.1 73.9 0.0 100 
6 24 38.7 29.2 1.15 33.6 5.1 79.0 0.0 100 
7 25 47.3 28.3 1.15 32.6 14.8 80.0 0.0 100 
8 26 18.1 31.7 1.15 36.5 -18.4 61.7 0.0 100 
9 27 27.3 34.5 1.10 38 -10.7 51.0 0.0 100 
10 28 37.5 30.5 0.90 27.5 10.1 61.1 0.0 100 
11 29 0.0 50.7 0.60 30.4 -30.4 30.6 0.0 100 
total  467.8 407.7  308     
Abbreviations as in Table 4.1 
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Table 4.17. Seasonal water satisfaction index (WI), yield, rainfall, 
potential evapotranspiration (ETo), water excess or deficit (S/D) 
and water requirement (Wrt) of groundnut at Babanusa during the 
period 1991-2000.   
Season Index % 
Yield 
(kg/fed.)
Rainfall 
(mm) 
ETo 
(mm) 
Wrt. 
(mm) 
S/D 
(mm) 
1991 91 85.7 358.2 413.6 327.0 31.2 
1992 100 97.9 679.4 449.8 323.3 356.1 
1993 72 26.5 299.0 493.9 413.4 -114.4 
1994 100 245.1 462.7 391.8 322.4 140.3 
1995 85 90.6 297.0 398.8 315.5 -18.5 
1996 100 137.7 428.9 406.9 310.8 118.1 
1997 87 158.4 334.2 456.1 364.1 -29.9 
1998 100 150.8 495.3 355.6 266.8 228.5 
1999 100 299.5 307.4 368.1 279.8 27.6 
2000 100 149.4 467.8 407.7 308.0 159.8 
Mean   144.2 413 414.2 323.1  
Sd.  79.5 120.3 41.9 41.3  
Max. 100 299.5 679.4 493.9 413.4 356.1 
Min. 72 26.5 297.0 355.6 266.8 -114.4 
C.V.  55 29 10 13  
 
               
y = 0.0414x3 - 10.77x2 + 931.17x - 
26654
R2 = 0.4349
0
50
100
150
200
250
300
350
40 60 80 100Index (%)
Y
ie
ld
 (k
g/
fe
d)
 
Fig. 4.12 Groundnut yield as a function of water index for  
Babanusa area 
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The cubic sign implies that the reduction in yield is attributed to imprecision 
of yield data. 
 
4. 3. 2. 5 Seasonal rainfall and potential evapotraspiration in Babanusa: 
Table 4.18 shows the variability of average rainfall and potential 
evapotraspiration at Babanusa during each season for the period (1991-2000). 
From the table, maximum dekadal rainfall ranged from 140.5 mm in season 
1998 to 53.2 mm in 1999, with a mean of 84.1 mm and C.V. of about 31% 
minimum rainfalls ranged from 1 to 26.8 mm in 1998. The mean dekadal 
rainfall ranged from 70.1 mm in 1992 to 25.1 mm in 1999. Seasonal C.V. of 
actual rainfall  ranged from 79 in 1993 to 47% in season 2000. Maximum 
dekadal ETo ranged from 49.8 mm in season 1993 to 32.4 mm in 1995, with a 
mean of 41.4 mm and C.V of abuot 14%. Minimum ETo ranged from 21.8 
mm in 1994 to 30.5 mm in 1993. The mean dekadal ETo ranged from 28.2 
mm in 1994 to 38.3 mm in 1993. Seasonal C.V. of ETo ranged from 10 in 
1995 to 28% in 1992. 
 
The calculations of water balance in Babanusa area show that there was no 
soil water deficit in millet, sorghum and sesame crops for the period 1991-
2000 except in season 1993. In groundnut, the soil water deficits were found 
in seasons 1991, 1993, 1995 and 1997. This reflects that Babanusa area is a 
useful place for crop production. These results of crop assessment in West 
Kordofan State using Ennahud and Babanusa climatic data with the same crop 
yield data indicate the need of reliable and precise yield data in crop yield 
assessment for a certain area.    
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Table 4.18. Dekadal rainfall and potential evapotraspiration during the crop 
season at Babanusa for the period 1991-2000. 
Rainfall (mm) Potential evapotranspiration (mm) Season 
 Max. Min. Mean Sd. C.V.% Max. Min. Mean sd. C.V.%
1991 97.7 20.4 39.7 24.6 62 35.7 26.2 31.6 4.1 13 
1992 104.6 3.0 70.1 35.6 51 48.4 23.4 35.4 9.9 28 
1993 74.7 8.2 29. 5 23.4 79 49.8 30.5 38.3 5.7 15 
1994 87.7 8.0 45.8 33.0 72 33.2 21.8 28.2 3.8 14 
1995 62.6 3.6 36.5 21 58 32.4 23.7 29.4 2.9 10 
1996 79.4 0.8 32.8 25.4 77 42.8 26.7 32.5 5.4 17 
1997 56.7 1.9 32.8 17.9 55 42.7 29.7 36.4 3.8 10 
1998 140.5 26.8 67.7 36.8 55 45 23.7 29.1 7.0 24 
1999 53.2 2.1 25.9 18.7 72 43.0 24.1 29.8 6.4 22 
2000 84.1 18.1 47. 5 22.4 47 41.2 23.0 30.7 6.1 20 
Mean 84.1 9.3 42.8   41.4 25.3 32.1   
Sd. 26 9.2 15.3   6 2.9 3. 5   
Max. 140.5 26.8 70.1  79 49.8 30.5 38.3  28 
Min. 53.2 0.8 25.9  47 32.4 21.8 28.2  10 
C.V. 31 99 36   14 12 11   
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4. 3. 3 Water requirement satisfaction index in El-Geniena, West Darfor 
State:  
4. 3. 3. 1 Millet:  
Table 4.19 shows the calculations of water balance and satisfaction index of 
millet in El-Geniena in season 2000. The data show that there was a water 
deficit in dekad 19 equal to 13 mm which reduced the index by about 4% 
showing an index equal to 96%. From dekad 20 to dekad 26 there was no 
water deficit and the index remained as it is. Dekad 27 shows soil water 
deficit equal to 10.6 mm and WI reduced by about 3% resulted in a final index 
equal to 93% at the end of the season. 
 
Table 4.20 shows the seasonal WI, yield, total annual rainfall, ETo, water 
excess/deficit (S/D) and the total water requirement (Wrt) of millet in El-
Geniena for the period 1991-2000. The data show that the total rainfall ranged 
from 217.2 mm in 1996 to 516.6 mm in 1999 with a mean of 405.5 mm and 
C.V. of about 24%. Seasonal ETo ranged from 479 mm in 1999 to 527 mm in 
1998 with a mean of 503.2 mm and C.V. of about 3%. The Wrt of ranged 
from 290.2 in 1999 to 335.2 mm in 1998 with a mean of 311.3 mm and C.V. 
of about 4%. This indicates that the seasonal rainfall variation was moderate 
during this decade, where as the variation in the seasonal ETo was low. There 
was water deficit in seasons 1999 and 1993 which was 110.8 and 7.1 mm 
respectively. The rest seasons show a water surplus ranged from 25.3 in 1993 
to 226.4 mm in 1999. For the period 1991-2000 the data show that there was a 
soil water deficit in first dekad – dekad 19 – in seasons 1991, 1998, 1999 and 
2000. Season 1996 shows relatively low rainfall and consequently lower crop 
water indices. Yield of millet ranged from 88 kg/fed in 1993 to 291 kg/fed in 
1994 with a mean of 196.9 and C.V. of about 33%.  
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Table 4.19. Calculation of water requirement satisfaction index of millet in 
2000 season in El-Geniena, West Kordofan. 
Dekad Ra (mm) 
ETo 
(mm) Kc 
Wr 
(mm)
Ra-Wr 
(mm) 
Rs 
(mm) 
D 
(mm) WI%Season 2000 18 0.0 69.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 7.7 59.0 0.35 20.7 -13 0.0 -13 96 
2 20 66.7 52.0 0.55 28.6 38.1 38.1 0.0 96 
3 21 87.8 52.0 0.72 37.4 50.4 80.0 0.0 96 
4 22 51.0 43.0 1.00 43.0 8.0 80.0 0.0 96 
5 23 35.6 43.0 1.00 43.0 -7.4 72.6 0.0 96 
6 24 22.4 50.0 1.00 50.0 -27.6 45.0 0.0 96 
7 25 21.6 42.0 1.00 42.0 -20.4 24.6 0.0 96 
8 26 6.0 41.0 0.66 27.1 -21.1 3.5 0.0 96 
9 27 0.0 47.0 0.30 14.1 -14.1 0.0 -10.6 93 
TOTAL  298.8 498.0  305.9     
Abbreviations as in Table 4.1 
Table 4.20. Seasonal water satisfaction index (WI), yield, rainfall, potential 
evapotranspiration (ETo), water excess or deficit (S/D) and water 
requirement (Wrt) of millet at El-Geniena during the period 1991-2000.   
Season Index % 
Yield 
(kg/fed.) 
Rainfall 
(mm) 
ETo 
(mm) 
Wrt. 
(mm) 
S/D 
(mm) 
1991 84 189.0 392.7 507.0 311.7 81 
1992 100 220.0 442.9 492.0 296.0 146.9 
1993 88 88.0 338.8 506.0 313.5 25.3 
1994 100 291.0 495.2 495.0 303.6 191.6 
1995 100 180.0 502.2 505.0 313.9 188.3 
1996 65 190.0 217.2 521.0 328 -110.8 
1997 100 199.0 448.7 502.0 315.5 133.2 
1998 98 275.0 401.6 527.0 335.2 66.4 
1999 99 231.0 516.6 479.0 290.2 226.4 
2000 93 106.0 298.8 498.0 305.9 -7.1 
Mean  92.7 196.9 405.5 503.2 311.4  
Sd. 11.4 64.3 96.9 13.8 13.5  
Max.  100.0 291.0 516.6 527.0 335.2 226.4 
Min. 64.8 88.0 217.2 479.0 290.2 -110.8 
C.V. 12 33 24 3 4  
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The crop water index ranged from 65% in 1996 to 100% in 1992, 1994, 1995 
and 1997 with a mean of 92.7 and C.V. of about 12%.  
 
Fig. 4.13 shows there was significant cubic correlation (r 0.01 = 0.745) between 
water requirement satisfaction index and millet yield in El-Geniena area. The 
cubic sign implies that the crop yield is affected by mutable factors. 
 
4. 3. 3. 2 Sorghum:  
Table 4.21 shows the calculations of water balance and satisfaction index of 
sorghum in El-Geniena season 2000. the data show that there a was water 
deficit in dekad 19 equal to 6.9 mm which reduced the index by 2% showing 
an index equal to 98%. From dekad 20 to dekad 25 there was no water deficit 
and the index remained as it is. Dekad 26, 27 and 28 show soil water deficit 
equal to 28, 37.6 and 25.3 mm which reduced WI% by 7, 10 and 6% 
respectively resulted in WI% equal 91, 81 and 75%. This final index may be 
used as an indicator of crop yield at the end of the season. 
 
Table 4.22 shows the seasonal WI, yield, total annual rainfall, ETo, water 
excess/deficit (S/D) and the total water requirement (Wrt) of sorghum in El-
Geniena for the period 1991-2000. The data show that total rainfall ranged 
from 231.9 mm in 1996 to 537.2 in season 1999 with a mean of 414.1 mm and 
C.V. of about 24 %. Total ETo ranged from 524.0 in 1999 to 576.0 mm in 
1998 with a mean of 552.1 and C.V. equal to 3% only. Total Wrt ranged from 
375.9 mm in 1999 to 430.2 mm in season 1998 and with a mean of 403 mm 
and C.V. of about 4 %. The crop water deficit ranged from 185 in season 1996 
to 13.1 in 1991. There was a water surplus ranged from 37 in 1997 to 161.4 
mm in 1999.  
 72
y = 0.0419x3 - 10.23x2 + 821.62x - 
21485
R2 = 0.5548
0
50
100
150
200
250
300
350
40 60 80 100Index (%)
Y
ie
ld
 (k
g/
fe
d)
 
Fig. 4.13 Millet yield as a function of water 
index for El-geniena area 
 
Table 4.21. Calculation of water requirement satisfaction index of sorghum in 
2000 season in El-Geniena, West Kordofan. 
Season 
2000 Dekad 
Ra 
(mm) 
ETo 
(mm) Kc 
Wr 
(mm)
Ra-Wr 
(mm) 
Rs 
(mm) 
D 
(mm) WI%
 18 0.0 69.0 0.00 0.0 0.0 6.1 0.0 100 
1 19 7.7 59.0 0.35 20.7 -13 0.0 -6.9 98 
2 20 66.7 52.0 0.55 28.6 38.1 38.1 0.0 98 
3 21 87.8 52.0 0.85 44.2 43.6 80.0 0.0 98 
4 22 51.0 43.0 1.00 43.0 8.0 80.0 0.0 98 
5 23 35.6 43.0 1.10 47.3 -11.7 68.3 0.0 98 
6 24 22.4 50.0 1.10 55.0 -32.6 35.7 0.0 98 
7 25 21.6 42.0 1.10 46.2 -24.6 11.1 0.0 98 
8 26 6.0 41.0 1.10 45.1 -39.1 0.0 -28.0 91 
9 27 0.0 47.0 0.80 37.6 -37.6 0.0 -37.6 81 
10 28 1.7 49.0 0.55 27 -25.3 0.0 -25.3 75 
TOTAL  300.5 547.0  394.6     
Abbreviations as in Table 4.1 
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Table 4.22. Seasonal water satisfaction index (WI), yield, rainfall, 
potential evapotranspiration (ETo), water excess or deficit (S/D) 
and water requirement (Wrt) of sorghum at El-Geniena during the 
period 1991-2000.   
Season Index % 
Yield 
(kg/fed.)
Rainfall 
(mm) 
ETo 
(mm)
Wrt. 
(mm) 
S/D 
(mm) 
1991 67 193 392.7 557.0 405.8 -13.1 
1992 83 174 457.0 541.0 388.5 68.5 
1993 75 114 343.0 556.0 406.3 -63.3 
1994 100 456 505.0 543.0 392.6 112.4 
1995 100 275 517.2 553.0 406.6 110.6 
1996 56 374 231.9 570.0 416.9 -185.0 
1997 83 282 449.5 554.0 412.5 37.0 
1998 89 337 407.3 576.0 430.2 -22.9 
1999 100 230 537.2 524.0 375.9 161.4 
2000 75 162 300.5 547.0 394.6 -94.1 
Mean 82.8 259.7 414.1 552.1 403  
Sd. 14.9 106.3 99.3 14.8 15.6  
Max. 100 456.0 537.2 576.0 430.2 161.4 
Min. 56 114.0 231.9 524.0 375.9 -185.0 
C.V. 18 41 24 3 4  
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For the period 1991-2000 the data show that there was a soil water deficit in 
first dekad – dekad 19 – in seasons 1991, 1998, 1999 and 2000. Season 1996 
shows relatively low rainfall and consequently lower crop water indices. Crop 
yield ranged from 114 in 1993 to 456 kg/fed in 1994 with a mean of 256.7 
kg/fed. and C.V. of about 41%. Water requirement satisfaction index ranged 
from 56% in 1996 to 100% in seasons 94, 95 and 1999.  
 
Fig. 4.14 shows there was a significant cubic correlation (r 0.01 = 0.779) 
between water requirement satisfaction index and sorghum yield in El-
Geniena area. The crop yield shows a moderate variation during this period. 
 
4. 3. 3. 3 Sesame:  
Table 4.23 shows the calculations of water balance and satisfaction index of 
sesame in El-Geniena in season 2000. The data show that there was water 
deficit in dekad 19 equal to about 13 mm which reduced the index by about 
4% showing an index equal to 96%. From dekad 20 to dekad 25 there was no 
water deficit and the index remained as it is. Dekads 26, 27 and 28 show water 
deficits equal to 14.4, 25.9 and 10.6 mm, consequently WI% was reduced to 
92, 85 and 82% at the end of the season. 
 
Table 4.24 shows the seasonal WI, yield, total annual rainfall, ETo, water 
excess/deficit (S/D) and the total water requirement (Wrt) of sesame in El-
Geniena for the period 1991-2000. The data show that the total rainfall and 
total ETo were as in sorghum. Total Wrt ranged from 346.1 mm in 1999 to 
498.0 mm in season 1998 with a mean 371.4 mm and C.V of about 4%. There 
was a water deficit in seasons 1993, 1996 and 2000 of 31.5, 63.8 and 156.2 
respectively. There was a water surplus that ranged from 9.2 in 1998 to  
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Fig. 4.14 Sorghum yield as a function of 
water index for El-geniena area 
 
Table 4.23. Calculation of water requirement satisfaction index of sesame in 
2000 season in El-Geniena, West Darfor. 
Season 
2000 Dekad 
Ra 
(mm) 
ETo 
(mm) Kc 
Wr 
(mm)
Ra-Wr 
(mm) 
Rs 
(mm) 
D 
(mm) WI%
 18 0.0 69.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 7.7 59.0 0.35 20.7 -13 0.0 -13 96 
2 20 66.7 52.0 0.55 28.6 38.1 38.1 0.0 96 
3 21 87.8 52.0 0.90 46.8 41.0 79.1 0.0 96 
4 22 51.0 43.0 1.10 47.3 3.7 82.8 0.0 96 
5 23 35.6 43.0 1.10 47.3 -11.7 71.1 0.0 96 
6 24 22.4 50.0 1.10 55.0 -32.6 38.5 0.0 96 
7 25 21.6 42.0 1.10 46.2 -24.6 13.9 0.0 96 
8 26 6.0 41.0 0.84 34.3 -28.3 0.0 -14.4 92 
9 27 0.0 47.0 0.55 25.9 -25.9 0.0 -25.9 85 
10 28 1.7 49.0 0.25 12.3 -10.6 0.0 -10.6 82 
TOTAL  300.5 547.0  364.3     
Abbreviations as in Table 4.1 
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Table 4.24. Seasonal water satisfaction index (WI), yield, rainfall, 
potential evapotranspiration (ETo), water excess or deficit (S/D) 
and water requirement (Wrt) of sesame at El-Geniena during the 
period 1991-2000.   
Season Index % 
Yield 
(kg/fed.)
Rainfall 
(mm) 
ETo 
(mm)
Wrt. 
(mm) 
S/D 
(mm) 
1991 75 91.0 392.7 557.0 372.5 20.2 
1992 92 76.0 457.0 541.0 355.0 102 
1993 80 91.0 343.0 556.0 374.5 -31.5 
1994 100 67.0 504.1 543.0 362.0 142.1 
1995 100 91.0 517.2 553.0 374.6 142.6 
1996 59 113.0 231.9 570.0 388.1 -156.2 
1997 93 180.0 449.5 554.0 378.5 71.0 
1998 97 160.0 407.3 576.0 398.0 9.3 
1999 100 50.0 536.6 524.0 346.1 190.5 
2000 82 91.0 300.5 547.0 364.3 -63.8 
Mean 87.7 101.0 414 552.1 371.4  
Sd. 13.5 40.3 99.2 14.8 15.3  
Max. 100 180.0 537.2 576.0 398.0 190.5 
Min. 59 50.0 231.9 524.0 346.1 -156.2 
C.V. 15 40 24 3 4  
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190.5 mm in 1999. For the period 1991-2000 the data show that there was a 
soil water deficit in first dekad – dekad 19 – in seasons 1991, 1998, 1999 and 
2000. Season 1996 shows relatively low rainfall and consequently lower crop 
water indexes. Crop yield ranged from 50 in 1999 to 180 kg/fed in 1997 with 
a mean of 101 kg/fed. and C.V. of about 40%. Water requirement satisfaction 
index ranged from 59% in 1996 to 100% in seasons 94, 95 and 1999 with a 
mean of 87.8 and C.V. of about 15%.  
 
Fig. 4.15 shows that there was a non-significant cubic correlation (r = 0.541) 
between water requirement satisfaction index and sesame yield in El-Geniena 
area. the cubic sign and the reduction in yield with the increase in water index 
implies that there were other factors affecting sesame yield in the state some 
of these were associated with the farm input, farm management in addition to 
that this yield was a representative yield from the different parts of the State. 
 
4. 3. 3. 4 Groundnut:  
Table 4.25 shows the calculations of water balance and satisfaction index of 
groundnut in El-Geniena in season 2000. The data show that there was a water 
deficit in dekad 19 equal to about 13 mm which reduced the index by 3% 
showing an index equal to 97%. From dekad 20 to dekad 25 there was no 
water deficit and the index remained as it is. From Dekad 26 to 29 there was 
water deficits equal to 34.7, 51.7, 42.4 and 30.6 mm, consequently WI% was 
reduced to 89, 78, 69 and 62% at the end of the season. 
 
In the traditional rainfed agriculture, the farmers used late maturing groundnut 
varieties which need a long rainfall season or a high water holding capacity soil.   
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Fig. 4.15 Sesame yield as a function of water 
index for El-geniena area 
 
Table 4.25. Calculation of water requirement satisfaction index of groundnut 
in 2000 season in El-Geniena, West Darfor. 
Season 
2000 Dekad 
Ra 
(mm) 
ETo 
(mm) Kc 
Wr 
(mm)
Ra-Wr 
(mm) 
Rs 
(mm) 
D 
(mm) WI%
 18 0.0 69.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 7.7 59.0 0.35 20.7 -13 0.0 -13 97 
2 20 66.7 52.0 0.50 26.0 40.7 40.7 0.0 97 
3 21 87.8 52.0 0.85 44.2 43.6 80.0 0.0 97 
4 22 51.0 43.0 1.00 43.0 8.0 80.0 0.0 97 
5 23 35.6 43.0 1.10 47.3 -11.7 68.3 0.0 97 
6 24 22.4 50.0 1.15 57.5 -35.1 33.2 0.0 97 
7 25 21.6 42.0 1.15 48.3 -26.7 6.5 0.0 97 
8 26 6.0 41.0 1.15 47.2 -41.2 0.0 -34.7 89 
9 27 0.0 47.0 1.10 51.7 -51.7 0.0 -51.7 78 
10 28 1.7 49.0 0.90 44.1 -42.4 0.0 -42.4 69 
11 29 0.0 51.0 0.60 30.6 -30.6 0.0 -30.6 62 
TOTAL  300.5 598.0  460.5     
Abbreviations as in Table 4.1 
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Table 4.26 shows the seasonal WI, yield, total annual rainfall, ETo, water 
excess/deficit (S/D) and the total water requirement (Wrt) of sesame in El-
Geniena for the period 1991-2000. The data show that the total rainfall ranged 
from 235.9 in 1996 to 537.2 mm in season 1999 with a mean of 236.7 mm and 
C.V. of about 24 %. Total ETo ranged from 572.0 in 1999 to 628 in 1998 with 
a mean of 416.1 and C.V. of about 3% only. Total Wrt ranged from 438.2 in 
1999 to 498 mm in season 1998 and the average water requirement of 
groundnut was 469.9 mm with a mean of 469.8 and C.V. of about 4 %. The 
crop water deficit ranged from 39.1 in season 1997 to 245.3 mm in season 
1996. There was a water surplus that ranged from 10 in 1992 to 99 mm in 
1999. For the period 1991-2000 the data show that there was a soil water 
deficit in first dekad – dekad 19 – in seasons 1991, 1998, 1999 and 2000. 
Season 1996 shows relatively low rainfall and consequently lower crop water 
indexes. Crop yield ranged from 88.9 in 1991 to 400 kg/fed in 1997 with a 
mean of 236.7 kg/fed. and C.V. of about 39%. Water requirement satisfaction 
index ranged from 49% in 1996 to 97% in season 1999 with a mean of 72.8% 
and C.V. of about 22%.  
 
Fig. 4.16 shows there was a non-significant cubic correlation (r= 0.579) 
between water requirement satisfaction index and groundnut yield in El-
Geniena area. 
 
The data show that the yield of millet, sorghum, sesame and groundnut in 
West Darfur State has a higher and more stable yield than in West 
Kordofan State. The imprecision of crop yield data was the main problem 
that faced crop yield assessment in both States.  
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Table 4.26. Seasonal water satisfaction index (WI), yield, rainfall, 
potential evapotranspiration (ETo), water excess or deficit (S/D) 
and water requirement (Wrt) of groundnut at El-Geniena during the 
period 1991-2000.   
Season Index % 
Yield 
(kg/fed.)
Rainfall 
(mm) 
ETo 
(mm)
Wrt. 
(mm)
S/D 
(mm) 
1991 57 88.9 392.7 609.0 474.3 -81.6 
1992 72 152.9 466.0 592.0 455.3 10.7 
1993 64 180.0 343.0 608.0 474.1 -131.1 
1994 89 260.0 505.0 595.0 458.8 46.3 
1995 92 315.5 517.2 604.0 474 43.3 
1996 49 276.0 235.9 621.0 481.2 -245.3 
1997 70 400.0 449.5 613.0 488.6 -39.1 
1998 78 287.5 413.1 627.0 498 -84.9 
1999 97 257.1 537.2 572.0 438.2 99.0 
2000 62 149.2 300.5 598.0 460.5 -160.0 
Mean  72.8 236.7 416.0 603.9 469.9  
Sd. 15.9 92.9 99 15.7 17.4  
Max. 97 400.0 537.2 627.0 498 99.0 
Min. 49 88.9 235.9 572.0 438.2 -245.3 
C.V. 22 39 24 3 4  
 
y = -0.0143x3 + 3.1087x2 - 217.59x + 
5111.4
R2 = 0.3345
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Fig. 4.16 Groundnut yield as a function of 
water index for El-geniena area 
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4. 3. 3. 5 Seasonal rainfall and potential evapotraspiration in El-Geniena: 
Table 4.27 shows the variability of seasonal average rainfall and potential 
evapotraspiration at El-Geniena for the period (1991-2000). From the table, 
maximum dekadal rainfall ranged from 67.3 in season 1996 to 139.5 mm in 
1993, with a mean of 110.7 mm and  C.V. of about 19 %, minimum rainfall 
ranged from zero to 18.1 mm in season 1994. The mean dekadal rainfall 
ranged from 24.8 in 1996 to 61.9 mm in 1994. Seasonal C.V. of actual rainfall 
ranged from 48 in 1999 to 117% 1991. Maximum dekadal ETo ranged from 
53 in season 1995 to 62 mm in 1996, with a mean equal to 57.5 mm and C.V 
of about 5%. Minimum ETo ranged from 37 in 1992 to 47 mm in 1998. The 
mean dekadal rainfall ranged from 45.4 in 1999 to 51.6 mm in 1998. Seasonal 
C.V. of ETo ranged from 7 in 1995 to 16% in 1992. 
 
The calculations of water balances in El-Geniena show that there was a soil 
water deficit in the first dekad – dekad 19 – in seasons 1991, 1998, 1999 and 
2000. Season 1996 shows relatively low rainfall and consequently lower crop 
water indices.  
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Table 4.27. Dekadal rainfall and potential evapotraspiration during the crop 
season at El-Geniena for the period 1991-2000. 
Rainfall (mm) Potential evapotranspiration (mm) 
Season 
Max. Min. mean Sd. C.V. Max. Min. mean Sd. C.V.
1991 132.3 0.0 47.2 55.2 117 59.0 42.0 48.5 5.5 11 
1992 123.2 6.2 53.5 45.3 85 58.0 37.0 46.0 7.2 16 
1993 139.5 5.1 41.4 45.3 109 56.0 43.0 48.6 5.2 11 
1994 117.9 18.1 61.9 39.6 64 56.0 42.0 47.4 5.9 13 
1995 109.6 6.9 60.3 35.7 59 53.0 44.0 48.1 3.6 7 
1996 67.3 2.6 24.8 19. 6 79 62.0 45.0 51.5 6 12 
1997 106.2 11.4 52.7 34.9 66 56.0 42.0 48.5 4.7 10 
1998 118.4 6.7 49.1 33.2 68 60.0 47.0 51.6 5.0 10 
1999 104.8 17.6 61.5 29.4 48 56.0 40.0 45.4 5.6 12 
2000 87.8 6.0 37.4 29.1 78 59.0 41.0 47.8 6.5 14 
Mean 110.7 8.1 49.1   57.5 42.3 48.3   
Sd. 21.2 5.9 11.9   2.6 2.6 2.0   
Max. 139.5 18.1 61.9  117 62 47 51.6  16 
Min. 67.3 0 24.8  48 53 37 45.4  7 
C.V. 19 74 24   5 7 4   
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Chapter Five 
Conclusions and 
 Recommendations 
 
5. 1 Conclusions: 
– From this study, it can be concluded that the FAO method for crop 
assessment and monitoring is a useful tool that can be used in assessing and 
predicting of millet, sorghum, sesame and groundnut yields with the crucial 
use of actual crop yield and climate data for the cropped area taking into 
consideration the effects of other agricultural inputs. 
 
– The growing season in Ennahud, West Kordofan State extended from the 
end of the second dekad of July up to about the end of August for about 40 
days. In Babanusa, it extended from the end of the last dekad of June up to 
about the end of the second dekad of September for about 80 days, and in 
El-Geneina, West Darfur State, it begins at the beginning of the first dekad 
of July and ends in the middle of last dekad in August for about 55 days. 
 
– Among crops, millet gave the highest water satisfaction index values 
followed by sesame and sorghum whereas groundnut showed the lowest 
index. Consequently, it is recommended to grow millet in relatively low 
rainfall areas.  
  
– The water satisfaction index for Babanusa was found to be 100% in most 
seasons. This showed it is a good area that can support crops of  high water 
requirements e.g. production of groundnut, sorghum and sesame crop. El-
geneina and Ennahud area gave the lowest water indeics. 
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– The yield of millet, sorghum, sesame and groundnut in West Kordofan and 
West Darfur States during the period 1991-2000 was constrained by other 
natural and socioeconomic factors which can be summarized in the 
following: 
a. Low and erratic rainfall. 
b. Short growing season.  
c. Low fertility and poor sandy soils. 
d. lack of farm inputs: 
i. Farmers grow unimproved, local and late maturing seeds 
varieties. 
ii. Weak farm management in the following practices: time of 
sowing, plant rotation, addition of fertilizers, plant population 
and weeding.  
e. Poor farmers and lack of funding institutions.    
f. High cost values of agricultural inputs and lack of production 
marketing. 
g. Uncertain crop yield data due to poor infrastructures and extension 
services. 
h. Disease and pest infestation and poor protection services.  
 
5. 2 Recommendations: 
a. Use of improved drought resistant and early maturing varieties of 
millet, sorghum, sesame and groundnut crops. 
b. Increase agricultural extension services and distribute technical 
farming information among traditional farmers with concentration 
on time of planting.  
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c. Distribution of rain-gauges all-around rainfed agricultural areas and 
making direct link between climate and weather information and 
economic agricultural production based on scientific research 
studies. 
d. Development and improvement of the statistical agricultural 
information system for accurate crop data to be used in precise 
agricultural strategic and future planning. 
e. Making comprehensive work to regulate farming in the traditional 
reainfed sub-sector especially on marginal lands and shoring 
desertification combating programs and increasing productivity 
through expanding different programs e.g. “the distribution of 
certified and improved seeds to small farmers”. 
f. Finally, to achieve more precise crop assessment and monitoring, it 
is strongly recommended to collect exact crop per area, actual yield 
and climate data of the specified study area to achieve more real and 
accurate reliable results.    
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  :ﻣﺮاﺟﻊ ﺑﺎﻟﻠﻐﺔ اﻟﻌﺮﺑﻴﺔ
  
 ﻤﻨﺎﻫﺞ ﻭﺃﺴﺎﻟﻴﺏ  ﺘﻘﺩﻴﺭ ﺍﻹﻨﺘﺎﺝ ﺍﻟﻨﺒﺎﺘﻲ، ﺍﻟﺩﻭﺭﺓ ﺍﻟﺘﺩﺭﻴﺒﻴﺔ ﺤﻭل.1002.أزهﺮي ﻣﺤﺠﻮب وﺣﻤﺰة ﺳﺮور
  .ﺠﻤﻊ ﻭﺘﺤﻠﻴل ﺍﻟﺒﻴﺎﻨﺎﺕ ﺍﻹﺤﺼﺎﺌﻴﺔ، ﻭﺯﺍﺭﺓ ﺍﻟﺯﺭﺍﻋﺔ ﻭﺍﻟﻐﺎﺒﺎﺕ، ﺍﻟﺨﺭﻁﻭﻡ، ﺍﻟﺴﻭﺩﺍﻥ
 
ﻤﺤﺎﻀﺭﺓ، .  ﺘﻘﺩﻴﺭ ﺍﻹﻨﺘﺎﺠﻴﺔ ﻋﻥ ﻁﺭﻴﻕ ﻗﻁﻊ ﺍﻟﻤﺤﺼﻭل.5002.أزهﺮي ﻣﺤﺠﻮب وﺣﻤﺰة ﺳﺮور
 .ﻭﺯﺍﺭﺓ ﺍﻟﺯﺭﺍﻋﺔ ﻭﺍﻟﻐﺎﺒﺎﺕ، ﺍﻟﺨﺭﻁﻭﻡ، ﺍﻟﺴﻭﺩﺍﻥ
  
ﻟﺘﻁﺒﻴﻘﻲ ﻟﻠﻤﻭﺍﺯﻨﺔ ﺍﻟﻤﺎﺌﻴﺔ ﻟﻠﺘﺭﺒﺔ ﻟﺘﻘﻴﻴﻡ ﻨﻤﻭ   ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﺒﺭﻨﺎﻤﺞ ﺍ.2002. إﺳﻤﺎﻋﻴﻞ ﻓﻀﻞ اﻟﻤﻮﻟﻲ ﻣﺤﻤﺪ
  . ﻭﺭﻗﺔ ﻋﻤل، ﺍﻟﺨﺭﻁﻭﻡ، ﺍﻟﺴﻭﺩﺍﻥ.ﻭﺇﻨﺘﺎﺠﻴﺔ ﻤﺤﺼﻭل ﺍﻟﺫﺭﺓ ﻓﻲ ﻤﻨﻁﻘﺔ ﺍﻟﻘﻀﺎﺭﻑ
 
 .ﺒﺭﻨﺎﻤﺞ ﺍﻟﺘﺭﺒﻴﺔ ﻭﺍﻟﺘﺤﺴﻴﻥ ﺍﻟﻭﺭﺍﺜﻲ ﻟﻤﺤﺼﻭل ﺍﻟﺩﺨﻥ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ. 9991. اﻟﺤﺎج اﺣﻤﺪ أﺑﻮ اﻟﻘﺎﺳﻢ
  . ﻭﻡ، ﺍﻟﺴﻭﺩﺍﻥﻭﺭﻗﺔ ﻤﻘﺩﻤﺔ ﻓﻲ ﺍﻟﻤﻨﺘﺩﻯ ﺍﻟﻌﻠﻤﻲ ﺒﻭﺯﺍﺭﺓ ﺍﻟﺯﺭﺍﻋﺔ ﻭﺍﻟﻐﺎﺒﺎﺕ، ﺍﻟﺨﺭﻁ
  
 ﻤﺤﺎﻀﺭﺓ، ﺍﻟﺩﻭﺭﺓ ﺍﻟﺘﺩﺭﻴﺒﻴﺔ ﺤﻭل .ﺃﺴﺎﻟﻴﺏ ﻭﻁﺭﻕ ﺠﻤﻊ ﺍﻹﺤﺼﺎﺀﺍﺕ ﺍﻟﺯﺭﺍﻋﻴﺔ. 1002. ﺣﺴﻦ اﻟﺸﻴﺦ
  .ﺃﺴﺎﻟﻴﺏ ﺠﻤﻊ ﻭﺘﺤﻠﻴل ﺍﻟﺒﻴﺎﻨﺎﺕ ﺍﻹﺤﺼﺎﺌﻴﺔ، ﻭﺯﺍﺭﺓ ﺍﻟﺯﺭﺍﻋﺔ ﻭﺍﻟﻐﺎﺒﺎﺕ، ﺍﻟﺨﺭﻁﻭﻡ، ﺍﻟﺴﻭﺩﺍﻥ
 
  .  ﺴﺒﻴل ﺍﻟﺴﻭﺩﺍﻥ ﻨﺤﻭ ﺍﻟﻨﻬﻀﺔ ﺍﻟﺯﺭﺍﻋﻴﺔ، ﺍﻟﺨﺭﻁﻭﻡ، ﺍﻟﺴﻭﺩﺍﻥآﺘﺎب. 5002. ﺳﻠﻴﻤﺎن ﺳﻴﺪ اﺣﻤﺪ
 
  . ﺍﻷﺭﺼﺎﺩ ﺍﻟﺠﻭﻴﺔ ﺍﻟﺯﺭﺍﻋﻴﺔ ، ﺠﺎﻤﻌﺔ ﺍﻟﻘﺎﻫﺭﺓ ، ﻤﺼﺭ. 6991. ﻋﺼﺎم اﻟﺪﻳﻦ ﺷﻮﻗﻲ وﺁﺧﺮون 
 
ﻗﻭﺍﻋﺩ ﺯﺭﺍﻋﺔ ﺍﻟﻤﺤﺎﺼﻴل، ﺍﻟﻁﺒﻌﺔ ﺍﻟﺴﺎﺩﺴﺔ، ﺩﺍﺭ . 7791. ﻋﻠﻲ ﻋﻠﻲ اﻟﺨﺸﻦ وﻣﺤﻤﻮد ﻣﺤﻤﺪ ﺣﺒﻴﺐ
  .ﺍﻟﻤﻌﺎﺭﻑ، ﺍﻟﻘﺎﻫﺭﺓ
 
اﻟﺘﻘﺎوي، وزارة  اﻷﻧﻤﺎط اﻟﺰراﻋﻴﺔ وﺻﻐﺎر اﻟﻤﺰارﻋﻴﻦ، ﻣﺆﺗﻤﺮ إﻧﺘﺎج وإآﺜﺎر .6991. آﻤﺒﺎل واﺧﺮون
  . اﻟﺰراﻋﺔ واﻟﻐﺎﺑﺎت، اﻟﺴﻮدان
  
ﻣﺤﺎﺻﻴﻞ اﻟﺬرة واﻟﺪﺧﻦ ﺑﺎﻟﻘﻄﺎع اﻟﻤﻄﺮي اﻟﺘﻘﻠﻴﺪي، ورﻗﺔ ﻋﻤﻞ ﻣﻘﺪﻣﺔ ﻓﻲ . 6991. ﻣﺤﻤﻮد اﺣﻤﺪ ﻣﺤﻤﻮد
  . ﻓﻌﺎﻟﻴﺎت اﻟﻤﺆﺗﻤﺮ اﻟﺰراﻋﻲ اﻻول، وزارة اﻟﺰراﻋﺔ واﻟﻐﺎﺑﺎت،اﻟﺴﻮدان، اﻟﺨﺮﻃﻮم
  
ﻤﺤﺎﻀﺭﺓ، ﻭﺯﺍﺭﺓ : ﺼﺎﺀﺍﺕ ﺍﻟﺯﺭﺍﻋﻴﺔ ﺘﻘﺩﻴﺭﺍﺕ ﺍﻹﻨﺘﺎﺠﻴﺔ ﻓﻲ ﺍﻹﺤ.1002. ﻣﺨﺘﺎر إﺑﺮاهﻴﻢ اﺣﻤﺪ
  .ﺍﻟﺯﺭﺍﻋﺔ ﻭﺍﻟﻐﺎﺒﺎﺕ
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. ﺍﻟﻔﻭل ﺍﻟﺴﻭﺩﺍﻨﻲ ﺍﻟﺒﺤﻭﺙ ﻭﺘﻘﺎﻨﺔ ﺍﻻﺭﺘﻘﺎﺀ ﺒﺎﻹﻨﺘﺎﺠﻴﺔ. 8991. ﻧﻮري ﻋﺜﻤﺎن ﻣﺨﺘﺎر وزآﻴﺔ إﺑﺮاهﻴﻢ ﻋﻠﻲ
  .ﻭﺜﻴﻘﺔ ﻫﻴﺌﺔ ﺍﻟﺒﺤﻭﺙ ﺍﻟﺯﺭﺍﻋﻴﺔ ، ﺍﻟﺴﻭﺩﺍﻥ
ﻦ اﻟﻘﻤﺢ ﻓﻲ  ﻃﺮق ﺗﺤﺪﻳﺪ اﻻﺣﺘﻴﺎﺟﺎت اﻟﻤﺎﺋﻴﺔ وﺗﻄﺒﻴﻘﻬﺎ ﻋﻠﻲ ﺻﻨﻔﻴﻦ ﻣ.8991. هﻴﺌﺔ اﻟﺒﺤﻮث اﻟﺰراﻋﻴﺔ
 .اﻟﺠﺰﻳﺮة،ورﻗﺔ ﻋﻤﻞ، ودﻣﺪﻧﻲ، اﻟﺴﻮدان ،
  
ﺗﻘﺎرﻳﺮ ﺳﻴﺮ اﻟﻤﻮﺳﻢ . 7002-6991. وﻻﻳﺔ ﻏﺮب دارﻓﻮر–وزارة اﻟﺰراﻋﺔ واﻟﺜﺮوة اﻟﺤﻴﻮاﻧﻴﺔ واﻟﺮي 
  .، اﻟﺠﻨﻴﻨﺔ، اﻟﺴﻮدان7002-6991اﻟﺰراﻋﻲ ﻟﻠﻔﺘﺮة 
  
ﻴﺮ اﻟﻤﻮﺳﻢ ﺗﻘﺎرﻳﺮ ﺳ. 7002-8991. وﻻﻳﺔ ﻏﺮب آﺮدﻓﺎن–وزارة اﻟﺰراﻋﺔ واﻟﺜﺮوة اﻟﺤﻴﻮاﻧﻴﺔ واﻟﺮي 
  .، اﻟﻔﻮﻟﺔ، اﻟﺴﻮدان7002-8991اﻟﺰراﻋﻲ ﻟﻠﻔﺘﺮة 
  
 ﺘﻘﺩﻴﺭ ﺍﻹﻨﺘﺎﺠﻴﺔ ﻋﻥ ﻁﺭﻴﻕ ﻤﺴﻭﺤﺎﺕ ﻗﻁﻊ ﺍﻟﻤﺤﺼﻭل، ﺘﻘﺭﻴﺭ، .1002. وزارة اﻟﺰراﻋﺔ واﻟﻐﺎﺑﺎت
  .ﻭﻻﻴﺔ ﻏﺭﺏ ﻜﺭﺩﻓﺎﻥ، ﺍﻟﺴﻭﺩﺍﻥ
 
اﻟﺴﻼﺳﻞ اﻟﺰﻣﻨﻴﺔ ﻻﻧﺘﺎج اﻟﻤﺤﺎﺻﻴﻞ، ادارة اﻻﺣﺼﺎء اﻟﺰراﻋﻲ، . 5002. وزارة اﻟﺰراﻋﺔ واﻟﻐﺎﺑﺎت
  .، اﻟﺨﺮﻃﻮماﻟﺴﻮدان
 
 ﺍﺴﺘﺨﺩﺍﻡ ﺩﻟﻴل ﺍﺴﺘﻴﻔﺎﺀ ﺍﻻﺤﺘﻴﺎﺝ ﺍﻟﻤﺎﺌﻲ ﻟﻠﻤﺤﺼﻭل ﻓﻲ ﺍﻟﺘﻨﺒﺅ ﺒﺈﻨﺘﺎﺠﻴﺔ .0002. ﻳﺎﺳﺮ ﻣﺤﻤﺪ هﺎﺷﻢ
ﺭﺴﺎﻟﺔ ﻤﺎﺠﺴﺘﻴﺭ، (. XEDNIOAF)ﻤﺤﺼﻭﻟﻲ ﺍﻟﺫﺭﺓ ﺍﻟﺭﻓﻴﻌﺔ ﻭﺍﻟﺩﺨﻥ ﻓﻲ ﺍﻟﻘﻁﺎﻉ ﺍﻟﻤﻁﺭﻱ 
  .ﺠﺎﻤﻌﺔ ﺍﻤﺩﺭﻤﺎﻥ ﺍﻹﺴﻼﻤﻴﺔ، ﺍﻟﺨﺭﻁﻭﻡ، ﺍﻟﺴﻭﺩﺍﻥ
 
 
 92
 
 
 
 
 
 
 
 
 
 
 
 
 1
Calculation of water requirement satisfaction index of millet seasons 
1991-2000 in Ennahud, West Kordofan: 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 
1991 20 19.5 56.9 0.00 0.0 19.5 19.5 0.0 100 
1 21 20.1 50.0 0.35 17.5 2.6 22.1 0.0 100 
2 22 16.8 53.8 0.55 29.6 -12.8 9.3 0.0 100 
3 23 110.3 51.9 0.72 37.4 72.9 80.0 0.0 100 
4 24 23.0 47.0 1.00 47.0 -24.0 56.0 0.0 100 
5 25 0.0 51.8 1.00 51.8 -51.8 4.2 0.0 100 
6 26 33.2 49.8 1.00 49.8 -16.6 0.0 -12.4 96 
7 27 8.0 47.8 1.00 47.8 -39.8 0.0 -39.8 84 
8 28 0.0 48.7 0.66 32.1 -32.1 0.0 -32.1 74 
9 29 0.7 54.5 0.30 16.4 -15.7 0.0 -15.7 70 
Total  231.6 512.2  329.4     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 1992 20 29.2 55.5 0.00 0.0 29.2 29.2 0.0 100 
1 21 29.2 55.8 0.35 19.5 9.7 38.9 0.0 100 
2 22 77.6 51.7 0.55 28.4 49.2 80.0 0.0 100 
3 23 103.2 48.8 0.72 35.1 68.1 80.0 0.0 100 
4 24 57.9 48.4 1.00 48.4 9.5 80.0 0.0 100 
5 25 28.7 47.3 1.00 47.3 -18.6 61.4 0.0 100 
6 26 0.0 47.7 1.00 47.7 -47.7 13.7 0.0 100 
7 27 16.8 49.6 1.00 49.6 -32.8 0.0 -19.1 94 
8 28 16.5 48.4 0.66 31.9 -15.4 0.0 -15.4 89 
9 29 0.8 48.9 0.30 14.7 -13.9 0.0 -13.9 85 
Total  359.9 502.1  322.7     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 1993 20 11.8 65.6 0.00 0.0 11.8 11.8 0.0 100 
1 21 18.2 56.5 0.35 19.8 -1.6 10.2 0.0 100 
2 22 9.0 60.2 0.55 33.1 -24.1 0.0 -13.9 96 
3 23 33.5 59.5 0.72 42.8 -9.3 0.0 -9.3 94 
4 24 13.8 54.0 1.00 54.0 -40.2 0.0 -40.2 83 
5 25 39.0 59.6 1.00 59.6 -20.6 0.0 -20.6 77 
6 26 6.9 56.2 1.00 56.2 -49.3 0.0 -49.3 64 
7 27 42.5 53.8 1.00 53.8 -11.3 0.0 -11.3 61 
8 28 8.0 50.5 0.66 33.3 -25.3 0.0 -25.3 54 
9 29 9.5 49.0 0.30 14.7 -5.2 0.0 -5.2 52 
Total  192.2 564.9  367.4     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 1994 20 6.1 60.9 0.00 0.0 6.1 6.1 0.0 100 
1 21 47.7 57.4 0.35 20.1 27.6 33.7 0.0 100 
2 22 46.4 55.7 0.55 30.6 15.8 49.5 0.0 100 
3 23 25.5 51.4 0.72 37.0 -11.5 38.0 0.0 100 
4 24 13.5 47.1 1.00 47.1 -33.6 4.4 0.0 100 
5 25 77.2 45.2 1.00 45.2 32.0 36.4 0.0 100 
6 26 2.0 45.3 1.00 45.3 -43.3 0.0 -6.9 98 
7 27 30.3 45.1 1.00 45.1 -14.8 0.0 -14.8 93 
8 28 7.2 42.4 0.66 28.0 -20.8 0.0 -20.8 86 
9 29 3.1 47.0 0.30 14.1 -11.0 0.0 -11.0 83 
Total  259.0 497.5  312.5     
 
 
 
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 1995 
20 45.1 49.1 0.00 0.0 45.1 45.1 0.0 100 
1 21 77.8 51.5 0.35 18.0 59.8 80.0 0.0 100 
2 22 84.7 47.0 0.55 25.9 58.9 80.0 0.0 100 
3 23 5.8 48.1 0.72 34.6 -28.8 51.2 0.0 100 
4 24 27.6 46.4 1.00 46.4 -18.8 32.4 0.0 100 
5 25 90.4 42.4 1.00 42.4 48.0 80.4 0.0 100 
6 26 5.0 49.1 1.00 49.1 -44.1 36.3 0.0 100 
7 27 3.0 45.0 1.00 45.0 -42.0 0.0 -5.7 98 
8 28 52.6 43.6 0.66 28.8 23.8 23.8 0.0 98 
9 29 0.0 50.0 0.30 15.0 -15.0 8.8 0.0 98 
TOTAL  392.0 472.2  305.2     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 1996 
20 49.1 59.6 0.00 0.0 49.1 49.1 0.0 100 
1 21 36.6 53.3 0.35 18.7 17.9 67.0 0.0 100 
2 22 47.8 45.0 0.55 24.8 23.1 80.0 0.0 100 
3 23 20.0 47.1 0.72 33.9 -13.9 66.1 0.0 100 
4 24 88.2 35.4 1.00 35.4 52.8 80.0 0.0 100 
5 25 0.3 41.9 1.00 41.9 -41.6 38.4 0.0 100 
6 26 29.1 43.4 1.00 43.4 -14.3 24.1 0.0 100 
7 27 40.4 42.6 1.00 42.6 -2.2 21.9 0.0 100 
8 28 10.9 45.4 0.66 30.0 -19.1 2.8 0.0 100 
9 29 0.0 47.8 0.30 14.3 -14.3 0.0 -11.5 96 
Total  322.4 461.5  284.9     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 1997 
20 17.9 60.2 0.00 0.0 17.9 17.9 0.0 100 
1 21 0.0 55.7 0.35 19.5 -19.5 0.0 -1.6 99 
2 22 92.8 56.7 0.55 31.2 61.6 61.6 0.0 99 
3 23 77.8 50.8 0.72 36.6 41.2 80.0 0.0 99 
4 24 18.9 52.3 1.00 52.3 -33.4 46.6 0.0 99 
5 25 16.2 52.0 1.00 52.0 -35.8 10.8 0.0 99 
6 26 5.0 32.5 1.00 32.5 -27.5 0.0 -16.7 94 
7 27 10.3 46.5 1.00 46.5 -36.2 0.0 -36.2 83 
8 28 0.0 46.1 0.66 30.4 -30.4 0.0 -30.4 73 
9 29 4.0 49.0 0.30 14.7 -10.7 0.0 -10.7 70 
Total  242.9 501.8  315.7     
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1998 
20 5.3 50.6 0.00 0.0 5.3 5.3 0.0 100 
1 21 36.4 52.6 0.35 18.4 18.0 23.3 0.0 100 
2 22 12.8 50.2 0.55 27.6 -14.8 8.5 0.0 100 
3 23 13.4 46.9 0.72 33.8 -20.4 0.0 -11.9 96 
4 24 94.5 45.6 1.00 45.6 48.9 48.9 0.0 96 
5 25 37.8 46.7 1.00 46.7 -8.9 40.0 0.0 96 
6 26 76.4 43.2 1.00 43.2 33.2 73.2 0.0 96 
7 27 15.0 42.5 1.00 42.5 -27.5 45.7 0.0 96 
8 28 28.2 40.5 0.66 26.7 1.5 47.2 0.0 96 
9 29 0.2 45.5 0.30 13.7 -13.5 33.7 0.0 96 
Total  320.0 464.3  298.2     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D  
mm WI% Season 1999 
20 19.8 55.3 0.00 0.0 19.8 19.8 0.0 100 
1 21 16.1 53.9 0.35 18.9 -2.8 17.0 0.0 100 
2 22 62.9 54.9 0.55 30.2 32.7 49.7 0.0 100 
3 23 39.3 53.3 0.72 38.4 0.9 50.7 0.0 100 
4 24 28.6 52.3 1.00 52.3 -23.7 27.0 0.0 100 
5 25 38.5 51.6 1.00 51.6 -13.1 13.9 0.0 100 
6 26 34.0 50.2 1.00 50.2 -16.2 0.0 -2.3 99 
7 27 2.9 44.9 1.00 44.9 -42.0 0.0 -42.0 86 
8 28 61.9 40.3 0.66 26.6 35.3 35.3 0.0 86 
9 29 4.8 45.3 0.30 13.6 -8.8 26.5 0.0 86 
Total  308.8 502.0  326.6     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D  
mm WI% Season 2000 
20 37.4 49.8 0.00 0.0 37.4 37.4 0.0 100 
1 21 8.3 49.2 0.35 17.2 -8.9 28.5 0.0 100 
2 22 40.8 45.9 0.55 25.2 15.6 44.0 0.0 100 
3 23 52.9 46.7 0.72 33.6 19.3 63.3 0.0 100 
4 24 12.1 47.9 1.00 47.9 -35.8 27.5 0.0 100 
5 25 19.4 46.1 1.00 46.1 -26.7 0.8 0.0 100 
6 26 12.6 46.7 1.00 46.7 -34.1 0.0 -33.3 89 
7 27 0.0 44.9 1.00 44.9 -44.9 0.0 -44.9 74 
8 28 33.1 41.5 0.66 27.4 5.7 5.7 0.0 74 
9 29 0.0 49.1 0.30 14.7 -14.7 0.0 -9.0 71 
Total  216.6 467.8  303.8     
 
Calculation of the water requirement satisfaction index of sorghum 
seasons 1991-2000 in Ennahud, West Kordofan: 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 
1991 20 19.5 56.9 0.00 0.0 19.5 19.5 0.0 100 
1 21 20.1 50.0 0.35 17.5 2.6 22.1 0.0 100 
2 22 16.8 53.8 0.55 29.6 -12.8 9.3 0.0 100 
3 23 110.3 51.9 0.85 44.1 66.2 75.5 0.0 100 
4 24 23.0 47.0 1.00 47.0 -24.0 51.5 0.0 100 
5 25 0.0 51.8 1.10 57.0 -57.0 0.0 -5.5 99 
6 26 33.2 49.8 1.10 54.8 -21.6 0.0 -21.6 94 
7 27 8.0 47.8 1.10 52.6 -44.6 0.0 -44.6 83 
8 28 0.0 48.7 1.10 53.6 -53.6 0.0 -53.6 71 
9 29 0.7 54.5 0.80 43.6 -42.9 0.0 -42.9 61 
10 30 1.7 51.7 0.55 28.4 -26.7 0.0 -26.7 54 
Total  233.3 563.9  428.2     
 
 
Dekad Ra mm ETo mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 1992 
20 29.2 55.5 0.00 0.0 29.2 29.2 0.0 100 
1 21 29.2 55.8 0.35 19.5 9.7 38.9 0.0 100 
2 22 77.6 51.7 0.55 28.4 49.2 80.0 0.0 100 
3 23 103.2 48.8 0.85 41.5 61.7 80.0 0.0 100 
4 24 57.9 48.4 1.00 48.4 9.5 80.0 0.0 100 
5 25 28.7 47.3 1.10 52.0 -23.3 56.7 0.0 100 
6 26 0.0 47.7 1.10 52.5 -52.5 4.2 0.0 100 
7 27 16.8 49.6 1.10 54.6 -37.8 0.0 -33.6 92 
8 28 16.5 48.4 1.10 53.2 -36.7 0.0 -36.7 83 
9 29 0.8 48.9 0.80 39.1 -38.3 0.0 -38.3 74 
10 30 1.7 51.7 0.55 28.4 -26.7 0.0 -26.7 68 
Total  361.6 553.8  417.7     
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Dekad Ra  mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D  
mm WI% Season 1993 
20 11.8 65.6 0.00 0.0 11.8 11.8 0.0 100 
1 21 18.2 56.5 0.35 19.8 -1.6 10.2 0.0 100 
2 22 9.0 60.2 0.55 33.1 -24.1 0.0 -13.9 97 
3 23 33.5 59.5 0.85 50.6 -17.1 0.0 -17.1 93 
4 24 13.8 54.0 1.00 54.0 -40.2 0.0 -40.2 85 
5 25 39.0 59.6 1.10 65.6 -26.6 0.0 -26.6 79 
6 26 6.9 56.2 1.10 61.8 -54.9 0.0 -54.9 67 
7 27 42.5 53.8 1.10 59.2 -16.7 0.0 -16.7 64 
8 28 8.0 50.5 1.10 55.6 -47.6 0.0 -47.6 53 
9 29 9.5 49.0 0.80 39.2 -29.7 0.0 -29.7 47 
10 30 0.0 49.1 0.55 27.0 -27.0 0.0 -27.0 41 
Total  192.2 614.0  465.8     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D  
mm WI% Season 1994 
20 6.1 60.9 0.00 0.0 6.1 6.1 0.0 100 
1 21 47.7 57.4 0.35 20.1 27.6 33.7 0.0 100 
2 22 46.4 55.7 0.55 30.6 15.8 49.5 0.0 100 
3 23 25.5 51.4 0.85 43.7 -18.2 31.3 0.0 100 
4 24 13.5 47.1 1.00 47.1 -33.6 0.0 -2.3 99 
5 25 77.2 45.2 1.10 49.7 27.5 27.5 0.0 99 
6 26 2.0 45.3 1.10 49.8 -47.8 0.0 -20.4 94 
7 27 30.3 45.1 1.10 49.6 -19.3 0.0 -19.3 90 
8 28 7.2 42.4 1.10 46.6 -39.4 0.0 -39.4 80 
9 29 3.1 47.0 0.80 37.6 -34.5 0.0 -34.5 71 
10 30 18.5 50.2 0.55 27.6 -9.1 0.0 -9.1 69 
TOTAL  277.5 547.7  402.5     
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D  mm WI% Season 1995 
20 45.1 49.1 0.00 0.0 45.1 57.1 0.0 100 
1 21 77.8 51.5 0.35 18.0 59.8 80.0 0.0 100 
2 22 84.7 47.0 0.55 25.9 58.9 80.0 0.0 100 
3 23 5.8 48.1 0.85 40.9 -35.1 44.9 0.0 100 
4 24 27.6 46.4 1.00 46.4 -18.8 26.1 0.0 100 
5 25 90.4 42.4 1.10 46.6 43.8 69.9 0.0 100 
6 26 5.0 49.1 1.10 54.0 -49.0 20.9 0.0 100 
7 27 3.0 45.0 1.10 49.5 -46.5 0.0 -25.6 94 
8 28 52.6 43.6 1.10 48.0 4.6 4.6 0.0 94 
9 29 0.0 50.0 0.80 40.0 -40.0 0.0 -35.4 85 
10 30 3.4 48.9 0.55 26.9 -23.5 0.0 -23.5 79 
Total  395.4 521.1  396.2     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D   
mm WI% Season 1996 
20 49.1 59.6 0.00 0.0 49.1 49.1 0.0 100 
1 21 36.6 53.3 0.35 18.7 17.9 67.0 0.0 100 
2 22 47.8 45.0 0.55 24.8 23.1 80.0 0.0 100 
3 23 20.0 47.1 0.85 40.0 -20.0 60.0 0.0 100 
4 24 88.2 35.4 1.00 35.4 52.8 80.0 0.0 100 
5 25 0.3 41.9 1.10 46.1 -45.8 34.2 0.0 100 
6 26 29.1 43.4 1.10 47.7 -18.6 15.6 0.0 100 
7 27 40.4 42.6 1.10 46.9 -6.5 9.1 0.0 100 
8 28 10.9 45.4 1.10 49.9 -39.0 0.0 -29.9 92 
9 29 0.0 47.8 0.80 38.2 -38.2 0.0 -38.2 82 
10 30 0.0 54.5 0.55 30.0 -30.0 0.0 -30.0 74 
TOTAL  322.4 516.0  377.7     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D   
mm WI% Season 1997 
20 17.9 60.2 0.00 0.0 17.9 17.9 0.0 100 
1 21 0.0 55.7 0.35 19.5 -19.5 -1.6 -1.6 100 
2 22 92.8 56.7 0.55 31.2 61.6 60.0 0.0 100 
3 23 77.8 50.8 0.85 43.2 34.6 94.6 0.0 100 
4 24 18.9 52.3 1.00 52.3 -33.4 61.2 0.0 100 
5 25 16.2 52.0 1.10 57.2 -41.0 20.2 0.0 100 
6 26 5.0 32.5 1.10 35.8 -30.8 0.0 -10.5 97 
7 27 10.3 46.5 1.10 51.2 -40.9 0.0 -40.9 87 
8 28 0.0 46.1 1.10 50.7 -50.7 0.0 -50.7 74 
9 29 4.0 49.0 0.80 39.2 -35.2 0.0 -35.2 66 
10 30 0.0 46.7 0.55 25.7 -25.7 0.0 -25.7 59 
TOTAL  242.9 548.5  405.9     
 
 
Dekad Ra mm ETo mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1998 
20 5.3 50.6 0.00 0.0 5.3 5.3 0.0 100 
1 21 36.4 52.6 0.35 18.4 18.0 23.3 0.0 100 
2 22 12.8 50.2 0.55 27.6 -14.8 8.5 0.0 100 
3 23 13.4 46.9 0.85 39.9 -26.5 0.0 -18.0 95 
4 24 94.5 45.6 1.00 45.6 48.9 48.9 0.0 95 
5 25 37.8 46.7 1.10 51.4 -13.6 35.3 0.0 95 
6 26 76.4 43.2 1.10 47.5 28.9 64.2 0.0 95 
7 27 15.0 42.5 1.10 46.8 -31.8 32.5 0.0 95 
8 28 28.2 40.5 1.10 44.6 -16.4 16.1 0.0 95 
9 29 0.2 45.5 0.80 36.4 -36.2 0.0 -20.1 90 
10 30 0.0 48.3 0.55 26.6 -26.6 0.0 -26.6 83 
Total  320.0 512.6  384.6     
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Dekad Ra mm ETo mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1999 
20 19.8 55.3 0.00 0.0 19.8 19.8 0.0 100 
1 21 16.1 53.9 0.35 18.9 -2.8 17.0 0.0 100 
2 22 62.9 54.9 0.55 30.2 32.7 49.7 0.0 100 
3 23 39.3 53.3 0.85 45.3 -6.0 43.7 0.0 100 
4 24 28.6 52.3 1.00 52.3 -23.7 20.0 0.0 100 
5 25 38.5 51.6 1.10 56.8 -18.3 1.8 0.0 100 
6 26 34.0 50.2 1.10 55.2 -21.2 0.0 -19.4 95 
7 27 2.9 44.9 1.10 49.4 -46.5 0.0 -46.5 84 
8 28 61.9 40.3 1.10 44.3 17.6 17.6 0.0 84 
9 29 4.8 45.3 0.80 36.2 -31.4 0.0 -13.9 81 
10 30 0.0 45.5 0.55 25.0 -25.0 0.0 -25.0 75 
Total  308.8 547.5  413.6     
 
Dekad Ra mm ETo mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 2000 
20 37.4 49.8 0.00 0.0 37.4 37.4 0.0 100 
1 21 8.3 49.2 0.35 17.2 -8.9 28.5 0.0 100 
2 22 40.8 45.9 0.55 25.2 15.6 44.0 0.0 100 
3 23 52.9 46.7 0.85 39.7 13.2 57.2 0.0 100 
4 24 12.1 47.9 1.00 47.9 -35.8 21.4 0.0 100 
5 25 19.4 46.1 1.10 50.7 -31.3 0.0 -9.9 98 
6 26 12.6 46.7 1.10 51.4 -38.8 0.0 -38.8 88 
7 27 0.0 44.9 1.10 49.4 -49.4 0.0 -49.4 76 
8 28 33.1 41.5 1.10 45.7 -12.6 0.0 -12.6 73 
9 29 0.0 49.1 0.80 39.3 -39.3 0.0 -39.3 63 
10 30 0.0 53.8 0.55 29.6 -29.6 0.0 -29.6 56 
Total  216.6 521.6  396.1     
 
Calculation of the water requirement satisfaction index of 
sesame seasons 1991- 2000 in Ennahud, West Kordofan: 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 
1991 20 19.5 56.9 0.0 0.0 19.5 19.5 0.0 100 
1 21 20.1 5.0 0.4 1.8 18.4 37.9 0.0 100 
2 22 16.8 53.8 0.6 29.6 -12.8 25.1 0.0 100 
3 23 110.3 51.9 0.9 46.7 63.6 80.0 0.0 100 
4 24 23.0 47.0 1.1 51.7 -28.7 51.3 0.0 100 
5 25 0.0 51.8 1.1 57.0 -57.0 0.0 -5.7 98 
6 26 33.2 49.8 1.1 54.8 -21.6 0.0 -21.6 93 
7 27 8.0 47.8 1.1 52.6 -44.6 0.0 -44.6 81 
8 28 0.0 48.7 0.9 41.4 -41.4 0.0 -41.4 70 
9 29 0.7 54.5 0.6 30.0 -29.3 0.0 -29.3 62 
10 30 1.7 51.7 0.3 12.9 -11.2 0.0 -11.2 59 
Total  233.3 518.9  378.4     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1992 
20 29.2 55.5 0.00 0.0 29.2 29.2 0.0 100 
1 21 29.2 55.8 0.35 19.5 9.7 38.9 0.0 100 
2 22 77.6 51.7 0.55 28.4 49.2 80.0 0.0 100 
3 23 103.2 48.8 0.90 43.9 59.3 80.0 0.0 100 
4 24 57.9 48.4 1.10 53.2 4.7 80.0 0.0 100 
5 25 28.7 47.3 1.10 52.0 -23.3 56.7 0.0 100 
6 26 0.0 47.7 1.10 52.5 -52.5 4.2 0.0 100 
7 27 16.8 49.6 1.10 54.6 -37.8 0.0 -33.6 91 
8 28 16.5 48.4 0.85 41.1 -24.6 0.0 -24.6 85 
9 29 0.8 48.9 0.55 26.9 -26.1 0.0 -26.1 78 
10 30 1.7 51.7 0.25 12.9 -11.2 0.0 -11.2 75 
Total  361.6 553.8  385.1     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1993 
20 11.8 65.6 0.00 0.0 11.8 11.8 0.0 100 
1 21 18.2 56.5 0.35 19.8 -1.6 10.2 0.0 100 
2 22 9.0 60.2 0.55 33.1 -24.1 0.0 -13.9 97 
3 23 33.5 59.5 0.90 53.6 -20.1 0.0 -20.1 92 
4 24 13.8 54.0 1.10 59.4 -45.6 0.0 -45.6 82 
5 25 39.0 59.6 1.10 65.6 -26.6 0.0 -26.6 76 
6 26 6.9 56.2 1.10 61.8 -54.9 0.0 -54.9 63 
7 27 42.5 53.8 1.10 59.2 -16.7 0.0 -16.7 59 
8 28 8.0 50.5 0.85 42.9 -34.9 0.0 -34.9 51 
9 29 9.5 49.0 0.55 27.0 -17.5 0.0 -17.5 47 
10 30 0.0 49.1 0.25 12.3 -12.3 0.0 -12.3 44 
Total  192.2 614.0  434.5     
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1994 
20 6.1 60.9 0.00 0.0 6.1 6.1 0.0 100 
1 21 47.7 57.4 0.35 20.1 27.6 33.7 0.0 100 
2 22 46.4 55.7 0.55 30.6 15.8 49.5 0.0 100 
3 23 25.5 51.4 0.90 46.3 -20.8 28.7 0.0 100 
4 24 13.5 47.1 1.10 51.8 -38.3 0.0 -9.6 97 
5 25 77.2 45.2 1.10 49.7 27.5 27.5 0.0 97 
6 26 2.0 45.3 1.10 49.8 -47.8 0.0 -20.4 92 
7 27 30.3 45.1 1.10 49.6 -19.3 0.0 -19.3 87 
8 28 7.2 42.4 0.85 36.0 -28.8 0.0 -28.8 79 
9 29 3.1 47.0 0.55 25.9 -22.8 0.0 -22.8 73 
10 30 18.5 50.2 0.25 12.6 6.0 6.0 0.0 73 
Total  277.5 547.7  372.4     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1995 
20 45.1 49.1 0.00 0.0 45.1 45.1 0.0 100 
1 21 77.8 51.5 0.35 18.0 59.8 80.0 0.0 100 
2 22 84.7 47.0 0.55 25.9 58.9 80.0 0.0 100 
3 23 5.8 48.1 0.90 43.3 -37.5 42.5 0.0 100 
4 24 27.6 46.4 1.10 51.0 -23.4 19.1 0.0 100 
5 25 90.4 42.4 1.10 46.6 43.8 62.8 0.0 100 
6 26 5.0 49.1 1.10 54.0 -49.0 13.8 0.0 100 
7 27 3.0 45.0 1.10 49.5 -46.5 0.0 -32.7 91 
8 28 52.6 43.6 0.85 37.1 15.5 15.5 0.0 91 
9 29 0.0 50.0 0.55 27.5 -27.5 0.0 -12.0 88 
10 30 3.4 48.9 0.25 12.2 -8.8 0.0 -8.8 85 
Total  395.4 521.1  365.1     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1996 
20 49.1 59.6 0.00 0.0 49.1 49.1 0.0 100 
1 21 36.6 53.3 0.35 18.7 17.9 67.0 0.0 100 
2 22 47.8 45.0 0.55 24.8 23.1 80.0 0.0 100 
3 23 20.0 47.1 0.90 42.4 -22.4 57.6 0.0 100 
4 24 88.2 35.4 1.10 38.9 49.3 80.0 0.0 100 
5 25 0.3 41.9 1.10 46.1 -45.8 34.2 0.0 100 
6 26 29.1 43.4 1.10 47.7 -18.6 15.6 0.0 100 
7 27 40.4 42.6 1.10 46.9 -6.5 9.1 0.0 100 
8 28 10.9 45.4 0.85 38.6 -27.7 0.0 -18.6 95 
9 29 0.0 47.8 0.55 26.3 -26.3 0.0 -26.3 87 
10 30 0.0 54.5 0.25 13.6 -13.6 0.0 -13.6 83 
Total  322.4 516.0  343.9     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1997 
20 17.9 60.2 0.00 0.0 17.9 17.9 0.0 100 
1 21 0.0 55.7 0.35 19.5 -19.5 0.0 -1.6 100 
2 22 92.8 56.7 0.55 31.2 61.6 61.6 0.0 100 
3 23 77.8 50.8 0.90 45.7 32.1 80.0 0.0 100 
4 24 18.9 52.3 1.10 57.5 -38.6 41.4 0.0 100 
5 25 16.2 52.0 1.10 57.2 -41.0 0.4 0.0 100 
6 26 5.0 32.5 1.10 35.8 -30.8 0.0 -30.4 91 
7 27 10.3 46.5 1.10 51.2 -40.9 0.0 -40.9 81 
8 28 0.0 46.1 0.85 39.2 -39.2 0.0 -39.2 70 
9 29 4.0 49.0 0.55 27.0 -23.0 0.0 -23.0 64 
10 30 0.0 46.7 0.25 11.7 -11.7 0.0 -11.7 61 
Total  242.9 548.5  375.8     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1998 
20 5.3 50.6 0.00 0.0 5.3 5.3 0.0 100 
1 21 36.4 52.6 0.35 18.4 18.0 23.3 0.0 100 
2 22 12.8 50.2 0.55 27.6 -14.8 8.5 0.0 100 
3 23 13.4 46.9 0.90 42.2 -28.8 0.0 -20.3 94 
4 24 94.5 45.6 1.10 50.2 44.3 44.3 0.0 94 
5 25 37.8 46.7 1.10 51.4 -13.6 30.8 0.0 94 
6 26 76.4 43.2 1.10 47.5 28.9 59.7 0.0 94 
7 27 15.0 42.5 1.10 46.8 -31.8 27.9 0.0 94 
8 28 28.2 40.5 0.85 34.4 -6.2 21.7 0.0 94 
9 29 0.2 45.5 0.55 25.0 -24.8 0.0 -3.2 93 
10 30 0.0 48.3 0.25 12.1 -12.1 0.0 -12.1 90 
Total  320.0 512.6  355.6     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1999 
20 19.8 55.3 0.00 0.0 19.8 19.8 0.0 100 
1 21 16.1 53.9 0.35 18.9 -2.8 17.0 0.0 100 
2 22 62.9 54.9 0.55 30.2 32.7 49.7 0.0 100 
3 23 39.3 53.3 0.90 48.0 -8.7 41.1 0.0 100 
4 24 28.6 52.3 1.10 57.5 -28.9 12.1 0.0 100 
5 25 38.5 51.6 1.10 56.8 -18.3 0.0 -6.1 98 
6 26 34.0 50.2 1.10 55.2 -21.2 0.0 -21.2 93 
7 27 2.9 44.9 1.10 49.4 -46.5 0.0 -46.5 81 
8 28 61.9 40.3 0.85 34.3 27.6 27.6 0.0 81 
9 29 4.8 45.3 0.55 24.9 -20.1 7.5 0.0 81 
10 30 0.0 45.5 0.25 11.4 -11.4 0.0 -3.8 80 
Total  308.8 547.5  386.5     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 2000 
20 37.4 49.8 0.00 0.0 37.4 37.4 0.0 100 
1 21 8.3 49.2 0.35 17.2 -8.9 28.5 0.0 100 
2 22 40.8 45.9 0.55 25.2 15.6 44.0 0.0 100 
3 23 52.9 46.7 0.90 42.0 10.9 54.9 0.0 100 
4 24 12.1 47.9 1.10 52.7 -40.6 14.3 0.0 100 
5 25 19.4 46.1 1.10 50.7 -31.3 0.0 -17.0 95 
6 26 12.6 46.7 1.10 51.4 -38.8 0.0 -38.8 84 
7 27 0.0 44.9 1.10 49.4 -49.4 0.0 -49.4 70 
8 28 33.1 41.5 0.85 35.3 -2.2 0.0 -2.2 69 
9 29 0.0 49.1 0.55 27.0 -27.0 0.0 -27.0 62 
10 30 0.0 53.8 0.25 13.5 -13.5 0.0 -13.5 58 
Total  216.6 521.6  364.4     
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Calculation of the water requirement satisfaction index of groundnut 
seasons 1991- 2000 in Ennahud, West Kordofan: 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 
1991 20 19.5 56.9 0.00 0.0 19.5 19.5 0.0 100 
1 21 20.1 5.0 0.35 1.8 18.4 37.9 0.0 100 
2 22 16.8 53.8 0.50 26.9 -10.1 27.8 0.0 100 
3 23 110.3 51.9 0.85 44.1 66.2 93.9 0.0 100 
4 24 23.0 47.0 1.00 47.0 -24.0 69.9 0.0 100 
5 25 0.0 51.8 1.10 57.0 -57.0 13.0 0.0 100 
6 26 33.2 49.8 1.15 57.3 -24.1 0.0 -11.1 98 
7 27 8.0 47.8 1.15 55.0 -47.0 0.0 -47.0 88 
8 28 0.0 48.7 1.15 56.0 -56.0 0.0 -56.0 77 
9 29 0.7 54.5 1.10 60.0 -59.3 0.0 -59.3 64 
10 30 1.7 51.7 0.90 46.5 -44.8 0.0 -44.8 55 
11 31 0.0 56.9 0.60 34.1 -34.1 0.0 -34.1 48 
Total  233.3 575.8  485.6     
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1992 
20 29.2 55.5 0.00 0.0 29.2 29.2 0.0 100 
1 21 29.2 55.8 0.35 19.5 9.7 38.9 0.0 100 
2 22 77.6 51.7 0.50 25.9 51.8 90.6 0.0 100 
3 23 103.2 48.8 0.85 41.5 61.7 80.0 0.0 100 
4 24 57.9 48.4 1.00 48.4 9.5 80.0 0.0 100 
5 25 28.7 47.3 1.10 52.0 -23.3 56.7 0.0 100 
6 26 0.0 47.7 1.15 54.9 -54.9 1.8 0.0 100 
7 27 16.8 49.6 1.15 57.0 -40.2 0.0 -38.4 92 
8 28 16.5 48.4 1.15 55.7 -39.2 0.0 -39.2 84 
9 29 0.8 48.9 1.10 53.8 -53.0 0.0 -53.0 73 
10 30 1.7 51.7 0.90 46.5 -44.8 0.0 -44.8 64 
11 31 0.0 49.5 0.60 29.7 -29.7 0.0 -29.7 58 
Total  361.6 603.3  484.9     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1993 
20 11.8 65.6 0.00 0.0 11.8 11.8 0.0 100 
1 21 18.2 56.5 0.35 19.8 -1.6 10.2 0.0 100 
2 22 9.0 60.2 0.50 30.1 -21.1 0.0 -10.9 98 
3 23 33.5 59.5 0.85 50.6 -17.1 0.0 -17.1 95 
4 24 13.8 54.0 1.00 54.0 -40.2 0.0 -40.2 87 
5 25 39.0 59.6 1.10 65.6 -26.6 0.0 -26.6 82 
6 26 6.9 56.2 1.15 64.6 -57.7 0.0 -57.7 72 
7 27 42.5 53.8 1.15 61.9 -19.4 0.0 -19.4 68 
8 28 8.0 50.5 1.15 58.1 -50.1 0.0 -50.1 59 
9 29 9.5 49.0 1.10 53.9 -44.4 0.0 -44.4 50 
10 30 0.0 49.1 0.90 44.2 -44.2 0.0 -44.2 42 
11 31 0.0 55.1 0.60 33.1 -33.1 0.0 -33.1 36 
Total  192.2 669.1  535.7     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1994 
20 6.1 60.9 0.00 0.0 6.1 6.1 0.0 100 
1 21 47.7 57.4 0.35 20.1 27.6 33.7 0.0 100 
2 22 46.4 55.7 0.50 27.9 18.6 52.3 0.0 100 
3 23 25.5 51.4 0.85 43.7 -18.2 34.1 0.0 100 
4 24 13.5 47.1 1.00 47.1 -33.6 0.5 0.0 100 
5 25 77.2 45.2 1.10 49.7 27.5 28.0 0.0 100 
6 26 2.0 45.3 1.15 52.1 -50.1 0.0 -22.1 95 
7 27 30.3 45.1 1.15 51.9 -21.6 0.0 -21.6 91 
8 28 7.2 42.4 1.15 48.8 -41.6 0.0 -41.6 82 
9 29 3.1 47.0 1.10 51.7 -48.6 0.0 -48.6 71 
10 30 18.5 50.2 0.90 45.2 -26.7 0.0 -26.7 66 
11 31 0.0 52.5 0.60 31.5 -31.5 0.0 -31.5 59 
Total  277.5 600.2  469.6     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1995 
20 45.1 49.1 0.00 0.0 45.1 45.1 0.0 100 
1 21 77.8 51.5 0.35 18.0 59.8 80.0 0.0 100 
2 22 84.7 47.0 0.50 23.5 61.2 80.0 0.0 100 
3 23 5.8 48.1 0.85 40.9 -35.1 44.9 0.0 100 
4 24 27.6 46.4 1.00 46.4 -18.8 26.1 0.0 100 
5 25 90.4 42.4 1.10 46.6 43.8 69.9 0.0 100 
6 26 5.0 49.1 1.15 56.5 -51.5 18.4 0.0 100 
7 27 3.0 45.0 1.15 51.8 -48.8 0.0 -30.3 93 
8 28 52.6 43.6 1.15 50.1 2.5 2.5 0.0 93 
9 29 0.0 50.0 1.10 55.0 -55.0 0.0 -52.5 82 
10 30 3.4 48.9 0.90 44.0 -40.6 0.0 -40.6 73 
11 31 0.0 52.6 0.60 31.6 -31.6 0.0 -31.6 67 
Total  395.4 573.7  464.4     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1996 
20 49.1 59.6 0.00 0.0 49.1 49.1 0.0 100 
1 21 36.6 53.3 0.35 18.7 17.9 67.0 0.0 100 
2 22 47.8 45.0 0.50 22.5 25.3 80.0 0.0 100 
3 23 20.0 47.1 0.85 40.0 -20.0 60.0 0.0 100 
4 24 88.2 35.4 1.00 35.4 52.8 80.0 0.0 100 
5 25 0.3 41.9 1.10 46.1 -45.8 34.2 0.0 100 
6 26 29.1 43.4 1.15 49.9 -20.8 13.4 0.0 100 
7 27 40.4 42.6 1.15 49.0 -8.6 4.8 0.0 100 
8 28 10.9 45.4 1.15 52.2 -41.3 0.0 -36.5 92 
9 29 0.0 47.8 1.10 52.6 -52.6 0.0 -52.6 80 
10 30 0.0 54.5 0.90 49.1 -49.1 0.0 -49.1 69 
11 31 0.0 55.5 0.60 33.3 -33.3 0.0 -33.3 62 
Total  322.4 571.5  448.7     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1997 
20 17.9 60.2 0.00 0.0 17.9 17.9 0.0 100 
1 21 0.0 55.7 0.35 19.5 -19.5 0.0 -1.6 100 
2 22 92.8 56.7 0.50 28.4 64.5 64.5 0.0 100 
3 23 77.8 50.8 0.85 43.2 34.6 80.0 0.0 100 
4 24 18.9 52.3 1.00 52.3 -33.4 46.6 0.0 100 
5 25 16.2 52.0 1.10 57.2 -41.0 5.6 0.0 100 
6 26 5.0 32.5 1.15 37.4 -32.4 0.0 -26.8 94 
7 27 10.3 46.5 1.15 53.5 -43.2 0.0 -43.2 85 
8 28 0.0 46.1 1.15 53.0 -53.0 0.0 -53.0 74 
9 29 4.0 49.0 1.10 53.9 -49.9 0.0 -49.9 63 
10 30 0.0 46.7 0.90 42.0 -42.0 0.0 -42.0 54 
11 31 3.0 51.3 0.60 30.8 -27.8 0.0 -27.8 48 
Total  245.9 599.8  471.1     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1998 
20 5.3 50.6 0.00 0.0 5.3 5.3 0.0 100 
1 21 36.4 52.6 0.35 18.4 18.0 23.3 0.0 100 
2 22 12.8 50.2 0.50 25.1 -12.3 11.0 0.0 100 
3 23 13.4 46.9 0.85 39.9 -26.5 0.0 -15.5 97 
4 24 94.5 45.6 1.00 45.6 48.9 48.9 0.0 97 
5 25 37.8 46.7 1.10 51.4 -13.6 35.3 0.0 97 
6 26 76.4 43.2 1.15 49.7 26.7 62.1 0.0 97 
7 27 15.0 42.5 1.15 48.9 -33.9 28.2 0.0 97 
8 28 28.2 40.5 1.15 46.6 -18.4 9.8 0.0 97 
9 29 0.2 45.5 1.10 50.1 -49.9 0.0 -40.1 88 
10 30 0.0 48.3 0.90 43.5 -43.5 0.0 -43.5 78 
11 31 0.0 49.1 0.60 29.5 -29.5 0.0 -29.5 71 
Total  320.0 561.7  448.5     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1999 
20 19.8 55.3 0.00 0.0 19.8 19.8 0.0 100 
1 21 16.1 53.9 0.35 18.9 -2.8 17.0 0.0 100 
2 22 62.9 54.9 0.50 27.5 35.5 52.5 0.0 100 
3 23 39.3 53.3 0.85 45.3 -6.0 46.5 0.0 100 
4 24 28.6 52.3 1.00 52.3 -23.7 22.8 0.0 100 
5 25 38.5 51.6 1.10 56.8 -18.3 4.5 0.0 100 
6 26 34.0 50.2 1.15 57.7 -23.7 0.0 -19.2 96 
7 27 2.9 44.9 1.15 51.6 -48.7 0.0 -48.7 86 
8 28 61.9 40.3 1.15 46.3 15.6 15.6 0.0 86 
9 29 4.8 45.3 1.10 49.8 -45.0 0.0 -29.5 80 
10 30 0.0 45.5 0.90 41.0 -41.0 0.0 -41.0 71 
11 31 0.0 58.4 0.60 35.0 -35.0 0.0 -35.0 64 
Total  308.8 605.9  482.2     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 2000 
20 37.4 49.8 0.00 0.0 37.4 37.4 0.0 100 
1 21 8.3 49.2 0.35 17.2 -8.9 28.5 0.0 100 
2 22 40.8 45.9 0.50 23.0 17.9 46.3 0.0 100 
3 23 52.9 46.7 0.85 39.7 13.2 59.5 0.0 100 
4 24 12.1 47.9 1.00 47.9 -35.8 23.7 0.0 100 
5 25 19.4 46.1 1.10 50.7 -31.3 0.0 -7.6 98 
6 26 12.6 46.7 1.15 53.7 -41.1 0.0 -41.1 89 
7 27 0.0 44.9 1.15 51.6 -51.6 0.0 -51.6 78 
8 28 33.1 41.5 1.15 47.7 -14.6 0.0 -14.6 75 
9 29 0.0 49.1 1.10 54.0 -54.0 0.0 -54.0 63 
10 30 0.0 53.8 0.90 48.4 -48.4 0.0 -48.4 53 
11 31 0.0 53.2 0.60 31.9 -31.9 0.0 -31.9 46 
Total  216.6 574.8  465.9     
Calculation of water requirement satisfaction index of millet seasons 
1991- 2000 in Babanusa, West Kordofan: 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 
1991 18 20.4 39.8 0.00 0.0 20.4 20.4 0.0 100 
1 19 27.1 35.0 0.35 12.3 14.9 35.3 0.0 100 
2 20 39.7 35.7 0.55 19.6 20.1 55.3 0.0 100 
3 21 97.7 28.3 0.72 20.4 77.3 80.0 0.0 100 
4 22 42.0 32.1 1.00 32.1 9.9 80.0 0.0 100 
5 23 25.2 26.2 1.00 26.2 -1.0 79.0 0.0 100 
6 24 20.4 26.4 1.00 26.4 -6.0 73.0 0.0 100 
7 25 35.8 35.2 1.00 35.2 0.6 73.6 0.0 100 
8 26 30.0 34.1 0.66 22.5 7.5 80.0 0.0 100 
9 27 17.3 33.7 0.30 10.1 7.2 80.0 0.0 100 
Total  355.6 326.5  204.8     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1992 
  18 68.8 64.8 0.00 0.0 68.8 68.8 0.0 100 
1 19 96.6 46.1 0.35 16.1 80.5 80.0 0.0 100 
2 20 55.4 48.4 0.55 26.6 28.8 80.0 0.0 100 
3 21 39.9 44.8 0.72 32.3 7.6 80.0 0.0 100 
4 22 104.6 30.4 1.00 30.4 74.2 80.0 0.0 100 
5 23 93.1 36.4 1.00 36.4 56.7 80.0 0.0 100 
6 24 98.3 28.0 1.00 28.0 70.3 80.0 0.0 100 
7 25 70.0 25.7 1.00 25.7 44.3 80.0 0.0 100 
8 26 3.0 23.4 0.66 15.4 -12.4 67.6 0.0 100 
9 27 39.8 29.2 0.30 8.8 31.0 80.0 0.0 100 
Total  669.5 377.2  219.7     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1993 
  18 2.6 34.3 0.00 0.0 2.6 2.6 0.0 100 
1 19 74.7 35.8 0.35 12.5 62.2 64.8 0.0 100 
2 20 13.3 37.1 0.55 20.4 -7.1 57.7 0.0 100 
3 21 16.1 34.6 0.72 24.9 -8.8 48.9 0.0 100 
4 22 8.2 38.7 1.00 38.7 -30.5 18.4 0.0 100 
5 23 14.1 41.9 1.00 41.9 -27.8 0.0 -9.4 96 
6 24 43.8 37.8 1.00 37.8 6.0 6.0 0.0 96 
7 25 47.3 49.8 1.00 49.8 -2.5 3.5 0.0 96 
8 26 18.1 30.5 0.66 20.1 -2.0 1.5 0.0 96 
9 27 27.3 50.0 0.30 15.0 12.3 13.8 0.0 96 
Total  265.5 390.5  261.2     
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1994 
  18 14.0 30.7 0.00 0.0 14.0 14.0 0.0 100 
1 19 39.3 28.6 0.35 10.0 29.3 43.3 0.0 100 
2 20 87.7 25.4 0.55 14.0 73.7 80.0 0.0 100 
3 21 47.8 26.4 0.72 19.0 28.8 80.0 0.0 100 
4 22 78.6 21.7 1.00 21.7 56.9 80.0 0.0 100 
5 23 16.9 33.2 1.00 33.2 -16.3 63.7 0.0 100 
6 24 8.0 31.7 1.00 31.7 -23.7 40.0 0.0 100 
7 25 79.3 27.1 1.00 27.1 52.2 80.0 0.0 100 
8 26 8.9 31.4 0.66 20.7 -11.8 68.2 0.0 100 
9 27 56.1 42.9 0.30 12.9 43.2 80.0 0.0 100 
Total  436.6 299.1  190.3     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1995 
  18 1.7 39.1 0.00 0.0 1.7 1.7 0.0 100 
1 19 62.6 32.4 0.35 11.3 51.3 53.0 0.0 100 
2 20 53.0 28.5 0.55 15.7 37.3 80.0 0.0 100 
3 21 31.9 32.0 0.72 23.0 8.9 80.0 0.0 100 
4 22 35.6 23.0 1.00 23.0 12.6 80.0 0.0 100 
5 23 19.3 27.1 1.00 27.1 -7.8 72.2 0.0 100 
6 24 3.6 30.7 1.00 30.7 -27.1 45.1 0.0 100 
7 25 60.9 31.4 1.00 31.4 29.5 74.6 0.0 100 
8 26 24.9 29.3 0.66 19.3 5.6 80.2 0.0 100 
9 27 0.8 33.7 0.30 10.1 -9.3 70.9 0.0 100 
Total  294.3 307.2  191.7     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1996 
  18 35.2 44.9 0.00 0.0 35.2 35.2 0.0 100 
1 19 8.5 42.7 0.35 14.9 -6.4 28.8 0.0 100 
2 20 0.8 38.2 0.55 21.0 -20.2 8.5 0.0 100 
3 21 47.7 32.6 0.72 23.5 24.2 32.8 0.0 100 
4 22 79.4 28.2 1.00 28.2 51.2 80.0 0.0 100 
5 23 21.2 30.4 1.00 30.4 -9.2 70.8 0.0 100 
6 24 24.7 26.7 1.00 26.7 -2.0 68.8 0.0 100 
7 25 49.8 31.5 1.00 31.5 18.3 80.0 0.0 100 
8 26 30.6 29.8 0.66 19.7 10.9 80.0 0.0 100 
9 27 47.2 33.0 0.30 9.9 37.3 80.0 0.0 100 
Total  345.1 338.0  205.8     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1997 
  18 57.1 43.9 0.00 0.0 57.1 57.1 0.0 100 
1 19 41.1 36.7 0.35 12.8 28.3 80.0 0.0 100 
2 20 28.4 39.2 0.55 21.6 6.8 80.0 0.0 100 
3 21 1.9 42.6 0.72 30.7 -28.8 51.2 0.0 100 
4 22 56.7 37.6 1.00 37.6 19.1 70.3 0.0 100 
5 23 40.8 29.7 1.00 29.7 11.1 81.4 0.0 100 
6 24 48.1 34.1 1.00 34.1 14.0 80.0 0.0 100 
7 25 29.9 35.1 1.00 35.1 -5.2 74.8 0.0 100 
8 26 15.2 36.1 0.66 23.8 -8.6 66.2 0.0 100 
9 27 8.5 36.9 0.30 11.1 -2.6 63.6 0.0 100 
Total  327.7 371.9  236.5     
 
 
 
 
 
 
 17
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1998 
  18 1.8 44.5 0.00 0.0 1.8 1.8 0.0 100 
1 19 75.7 45.0 0.35 15.8 60.0 61.8 0.0 100 
2 20 14.5 26.3 0.55 14.5 0.0 61.8 0.0 100 
3 21 41.4 32.5 0.72 23.4 18.0 79.8 0.0 100 
4 22 61.8 29.0 1.00 29.0 32.8 80.0 0.0 100 
5 23 95.6 25.0 1.00 25.0 70.6 80.0 0.0 100 
6 24 62.3 23.0 1.00 23.0 39.3 80.0 0.0 100 
7 25 37.2 26.0 1.00 26.0 11.2 80.0 0.0 100 
8 26 26.8 25.0 0.66 16.5 10.3 80.0 0.0 100 
9 27 39.4 26.5 0.30 8.0 31.5 80.0 0.0 100 
Total  456.5 302.8  181.1     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1999 
  18 42.2 41.0 0.00 0.0 42.2 42.2 0.0 100 
1 19 4.9 43.0 0.35 15.1 -10.2 32.1 0.0 100 
2 20 16.2 34.9 0.55 19.2 -3.0 29.1 0.0 100 
3 21 53.2 29.0 0.72 20.9 32.3 61.4 0.0 100 
4 22 53.2 24.5 1.00 24.5 28.7 80.0 0.0 100 
5 23 20.0 26.4 1.00 26.4 -6.4 73.6 0.0 100 
6 24 37.3 26.2 1.00 26.2 11.1 80.0 0.0 100 
7 25 26.8 24.1 1.00 24.1 2.7 80.0 0.0 100 
8 26 2.1 30.0 0.66 19.8 -17.7 62.3 0.0 100 
9 27 11.8 31.1 0.30 9.3 2.5 64.8 0.0 100 
Total  267.7 310.2  185.5     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
2000 
  18 23.4 46.5 0.00 0.0 23.4 23.4 0.0 100 
1 19 84.1 41.2 0.35 14.4 69.7 80.0 0.0 100 
2 20 54.5 34.0 0.55 18.7 35.8 80.0 0.0 100 
3 21 50.7 34.8 0.72 25.1 25.6 80.0 0.0 100 
4 22 67.0 23.3 1.00 23.3 43.7 80.0 0.0 100 
5 23 19.2 23.0 1.00 23.0 -3.8 76.2 0.0 100 
6 24 38.7 29.2 1.00 29.2 9.5 80.0 0.0 100 
7 25 47.3 28.3 1.00 28.3 19.0 80.0 0.0 100 
8 26 18.1 31.7 0.66 20.9 -2.8 77.2 0.0 100 
9 27 27.3 34.5 0.30 10.4 17.0 80.0 0.0 100 
Total  430.3 326.5  193.2     
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Calculation of water requirement satisfaction index of sorghum seasons 
1991- 2000 in Babanusa, West Kordofan: 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 
1991 18 20.4 39.8 0.00 0.0 20.4 20.4 0.0 100 
1 19 27.1 35.0 0.35 12.3 14.9 35.3 0.0 100 
2 20 39.7 35.7 0.55 19.6 20.1 55.3 0.0 100 
3 21 97.7 28.3 0.85 24.1 73.6 80.0 0.0 100 
4 22 42.0 32.1 1.00 32.1 9.9 80.0 0.0 100 
5 23 25.2 26.2 1.10 28.8 -3.6 76.4 0.0 100 
6 24 20.4 26.4 1.10 29.0 -8.6 67.7 0.0 100 
7 25 35.8 35.2 1.10 38.7 -2.9 64.8 0.0 100 
8 26 30.0 34.1 1.10 37.5 -7.5 57.3 0.0 100 
9 27 17.3 33.7 0.80 27.0 -9.7 47.7 0.0 100 
10 28 1.1 41.9 0.55 23.0 -21.9 25.7 0.0 100 
Total  356.7 368.4  272.1     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1992 
  18 68.8 64.8 0.00 0.0 68.8 68.8 0.0 100 
1 19 96.6 46.1 0.35 16.1 80.5 80.0 0.0 100 
2 20 55.4 48.4 0.55 26.6 28.8 80.0 0.0 100 
3 21 39.9 44.8 0.85 38.1 1.8 80.0 0.0 100 
4 22 104.6 30.4 1.00 30.4 74.2 80.0 0.0 100 
5 23 93.1 36.4 1.10 40.0 53.1 80.0 0.0 100 
6 24 98.3 28.0 1.10 30.8 67.5 80.0 0.0 100 
7 25 70.0 25.7 1.10 28.3 41.7 80.0 0.0 100 
8 26 3.0 23.4 1.10 25.7 -22.7 57.3 0.0 100 
9 27 39.8 29.2 0.80 23.4 16.4 73.7 0.0 100 
10 28 3.5 33.6 0.55 18.5 -15.0 58.7 0.0 100 
Total  673.0 410.8  277.9     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1993 
  18 2.6 34.3 0.00 0.0 2.6 2.6 0.0 100 
1 19 74.7 35.8 0.35 12.5 62.2 64.8 0.0 100 
2 20 13.3 37.1 0.55 20.4 -7.1 57.7 0.0 100 
3 21 16.1 34.6 0.85 29.4 -13.3 44.4 0.0 100 
4 22 8.2 38.7 1.00 38.7 -30.5 13.9 0.0 100 
5 23 14.1 41.9 1.10 46.1 -32.0 0.0 -18.1 95 
6 24 43.8 37.8 1.10 41.6 2.2 2.2 0.0 95 
7 25 47.3 49.8 1.10 54.8 -7.5 0.0 -5.3 93 
8 26 18.1 30.5 1.10 33.6 -15.5 0.0 -15.5 89 
9 27 27.3 50.0 0.80 40.0 -12.7 0.0 -12.7 85 
10 28 24.3 51.0 0.55 28.1 -3.8 0.0 -3.8 84 
Total  289.8 441.5  345.1     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1994 
  18 14.0 30.7 0.00 0.0 14.0 14.0 0.0 100 
1 19 39.3 28.6 0.35 10.0 29.3 43.3 0.0 100 
2 20 87.7 25.4 0.55 14.0 73.7 80.0 0.0 100 
3 21 47.8 26.4 0.85 22.4 25.4 80.0 0.0 100 
4 22 78.6 21.7 1.00 21.7 56.9 80.0 0.0 100 
5 23 16.9 33.2 1.10 36.5 -19.6 60.4 0.0 100 
6 24 8.0 31.7 1.10 34.9 -26.9 33.5 0.0 100 
7 25 79.3 27.1 1.10 29.8 49.5 83.0 0.0 100 
8 26 8.9 31.4 1.10 34.5 -25.6 57.4 0.0 100 
9 27 56.1 42.9 0.80 34.3 21.8 79.1 0.0 100 
10 28 19.0 41.6 0.55 22.9 -3.9 75.3 0.0 100 
Total  455.6 340.7  261.1     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1995 
  18 1.7 39.1 0.00 0.0 1.7 1.7 0.0 100 
1 19 62.6 32.4 0.35 11.3 51.3 53.0 0.0 100 
2 20 53.0 28.5 0.55 15.7 37.3 80.0 0.0 100 
3 21 31.9 32.0 0.85 27.2 4.7 80.0 0.0 100 
4 22 35.6 23.0 1.00 23.0 12.6 80.0 0.0 100 
5 23 19.3 27.1 1.10 29.8 -10.5 69.5 0.0 100 
6 24 3.6 30.7 1.10 33.8 -30.2 39.3 0.0 100 
7 25 60.9 31.4 1.10 34.5 26.4 65.7 0.0 100 
8 26 24.9 29.3 1.10 32.2 -7.3 58.4 0.0 100 
9 27 0.8 33.7 0.80 27.0 -26.2 32.2 0.0 100 
10 28 2.7 42.5 0.55 23.4 -20.7 11.5 0.0 100 
Total  297.0 349.7  257.9     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1996 
  18 35.2 44.9 0.00 0.0 35.2 35.2 0.0 100 
1 19 8.5 42.7 0.35 14.9 -6.4 28.8 0.0 100 
2 20 0.8 38.2 0.55 21.0 -20.2 8.5 0.0 100 
3 21 47.7 32.6 0.85 27.7 20.0 28.5 0.0 100 
4 22 79.4 28.2 1.00 28.2 51.2 79.7 0.0 100 
5 23 21.2 30.4 1.10 33.4 -12.2 67.5 0.0 100 
6 24 24.7 26.7 1.10 29.4 -4.7 62.8 0.0 100 
7 25 49.8 31.5 1.10 34.7 15.2 78.0 0.0 100 
8 26 30.6 29.8 1.10 32.8 -2.2 75.8 0.0 100 
9 27 47.2 33.0 0.80 26.4 20.8 80.0 0.0 100 
10 28 66.7 28.6 0.55 15.7 51.0 80.0 0.0 100 
Total  411.8 366.6  264.2     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1997 
  18 57.1 43.9 0.00 0.0 57.1 57.1 0.0 100 
1 19 41.1 36.7 0.35 12.8 28.3 80.0 0.0 100 
2 20 28.4 39.2 0.55 21.6 6.8 80.0 0.0 100 
3 21 1.9 42.6 0.85 36.2 -34.3 45.7 0.0 100 
4 22 56.7 37.6 1.00 37.6 19.1 64.8 0.0 100 
5 23 40.8 29.7 1.10 32.7 8.1 72.9 0.0 100 
6 24 48.1 34.1 1.10 37.5 10.6 83.5 0.0 100 
7 25 29.9 35.1 1.10 38.6 -8.7 74.8 0.0 100 
8 26 15.2 36.1 1.10 39.7 -24.5 50.3 0.0 100 
9 27 8.5 36.9 0.80 29.5 -21.0 29.3 0.0 100 
10 28 2.0 43.2 0.55 23.8 -21.8 7.5 0.0 100 
Total  329.7 415.1  310.0     
 
 
 
 
Season 
1998 Dekad 
Ra 
mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
  18 1.8 44.5 0.00 0.0 1.8 1.8 0.0 100 
1 19 75.7 45.0 0.35 15.8 60.0 61.8 0.0 100 
2 20 14.5 26.3 0.55 14.5 0.0 61.8 0.0 100 
3 21 41.4 32.5 0.85 27.6 13.8 75.6 0.0 100 
4 22 61.8 29.0 1.00 29.0 32.8 80.0 0.0 100 
5 23 95.6 25.0 1.10 27.5 68.1 80.0 0.0 100 
6 24 62.3 23.0 1.10 25.3 37.0 80.0 0.0 100 
7 25 37.2 26.0 1.10 28.6 8.6 80.0 0.0 100 
8 26 26.8 25.0 1.10 27.5 -0.7 79.3 0.0 100 
9 27 39.4 26.5 0.80 21.2 18.2 80.0 0.0 100 
10 28 34.8 26.2 0.55 14.4 20.4 80.0 0.0 100 
Total  491.3 329.0  231.4     
 
 
Season 
1999 Dekad 
Ra 
mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
  18 42.2 41.0 0.00 0.0 42.2 42.2 0.0 100 
1 19 4.9 43.0 0.35 15.1 -10.2 32.1 0.0 100 
2 20 16.2 34.9 0.55 19.2 -3.0 29.1 0.0 100 
3 21 53.2 29.0 0.85 24.7 28.6 57.6 0.0 100 
4 22 53.2 24.5 1.00 24.5 28.7 80.0 0.0 100 
5 23 20.0 26.4 1.10 29.0 -9.0 71.0 0.0 100 
6 24 37.3 26.2 1.10 28.8 8.5 79.4 0.0 100 
7 25 26.8 24.1 1.10 26.5 0.3 79.7 0.0 100 
8 26 2.1 30.0 1.10 33.0 -30.9 48.8 0.0 100 
9 27 11.8 31.1 0.80 24.9 -13.1 35.8 0.0 100 
10 28 36.4 26.1 0.55 14.4 22.0 57.8 0.0 100 
Total  304.1 336.3  240.0     
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Season 
2000 Dekad 
Ra 
mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
  18 23.4 46.5 0.00 0.0 23.4 23.4 0.0 100 
1 19 84.1 41.2 0.35 14.4 69.7 80.0 0.0 100 
2 20 54.5 34.0 0.55 18.7 35.8 80.0 0.0 100 
3 21 50.7 34.8 0.85 29.6 21.1 80.0 0.0 100 
4 22 67.0 23.3 1.00 23.3 43.7 80.0 0.0 100 
5 23 19.2 23.0 1.10 25.3 -6.1 73.9 0.0 100 
6 24 38.7 29.2 1.10 32.1 6.6 80.5 0.0 100 
7 25 47.3 28.3 1.10 31.1 16.2 80.0 0.0 100 
8 26 18.1 31.7 1.10 34.9 -16.8 63.2 0.0 100 
9 27 27.3 34.5 0.80 27.6 -0.3 62.9 0.0 100 
10 28 37.5 30.5 0.55 16.8 20.7 80.0 0.0 100 
Total  467.8 357.0  253.8     
Calculation of the water requirement satisfaction index of sesame 
seasons 1991- 2000 in Babanusa, West Kordofan: 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 
1991 18 20.4 39.8 0.0 0.0 20.4 20.4 0.0 100 
1 19 27.1 35.0 0.4 12.3 14.9 35.3 0.0 100 
2 20 39.7 35.7 0.6 19.6 20.1 55.3 0.0 100 
3 21 97.7 28.3 0.9 25.5 72.2 80.0 0.0 100 
4 22 42.0 32.1 1.1 35.3 6.7 80.0 0.0 100 
5 23 25.2 26.2 1.1 28.8 -3.6 76.4 0.0 100 
6 24 20.4 26.4 1.1 29.0 -8.6 67.7 0.0 100 
7 25 35.8 35.2 1.1 38.7 -2.9 64.8 0.0 100 
8 26 30.0 34.1 0.8 28.5 1.5 66.3 0.0 100 
9 27 17.3 33.7 0.6 18.5 -1.2 65.0 0.0 100 
10 28 1.1 41.9 0.3 10.5 -9.4 55.7 0.0 100 
Total  356.7 368.4  246.8     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
192 
  18 68.8 64.8 0.00 0.0 68.8 68.8 0.0 100 
1 19 96.6 46.1 0.35 16.1 80.5 80.0 0.0 100 
2 20 55.4 48.4 0.55 26.6 28.8 80.0 0.0 100 
3 21 39.9 44.8 0.90 40.3 -0.4 79.6 0.0 100 
4 22 104.6 30.4 1.10 33.4 71.2 80.0 0.0 100 
5 23 93.1 36.4 1.10 40.0 53.1 80.0 0.0 100 
6 24 98.3 28.0 1.10 30.8 67.5 80.0 0.0 100 
7 25 70.0 25.7 1.10 28.3 41.7 80.0 0.0 100 
8 26 3.0 23.4 0.85 19.9 -16.9 63.1 0.0 100 
9 27 39.8 29.2 0.55 16.1 23.7 80.0 0.0 100 
10 28 3.5 33.6 0.25 8.4 -4.9 75.1 0.0 100 
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Total  673.0 410.8  260.0     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1993 
  18 2.6 34.3 0.00 0.0 2.6 2.6 0.0 100 
1 19 74.7 35.8 0.35 12.5 62.2 64.8 0.0 100 
2 20 13.3 37.1 0.55 20.4 -7.1 57.7 0.0 100 
3 21 16.1 34.6 0.90 31.1 -15.0 42.6 0.0 100 
4 22 8.2 38.7 1.10 42.6 -34.4 8.3 0.0 100 
5 23 14.1 41.9 1.10 46.1 -32.0 0.0 -23.7 92 
6 24 43.8 37.8 1.10 41.6 2.2 2.2 0.0 92 
7 25 47.3 49.8 1.10 54.8 -7.5 0.0 -5.3 91 
8 26 18.1 30.5 0.85 25.9 -7.8 0.0 -7.8 88 
9 27 27.3 50.0 0.55 27.5 -0.2 0.0 -0.2 88 
10 28 24.3 51.0 0.25 12.8 11.6 11.6 0.0 88 
Total  289.8 441.5  315.3     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D   
mm WI% 
Season 
1994 
  18 14.0 30.7 0.00 0.0 14.0 14.0 0.0 100 
1 19 39.3 28.6 0.35 10.0 29.3 43.3 0.0 100 
2 20 87.7 25.4 0.55 14.0 73.7 80.0 0.0 100 
3 21 47.8 26.4 0.90 23.8 24.0 80.0 0.0 100 
4 22 78.6 21.7 1.10 23.9 54.7 80.0 0.0 100 
5 23 16.9 33.2 1.10 36.5 -19.6 60.4 0.0 100 
6 24 8.0 31.7 1.10 34.9 -26.9 33.5 0.0 100 
7 25 79.3 27.1 1.10 29.8 49.5 83.0 0.0 100 
8 26 8.9 31.4 0.85 26.7 -17.8 65.2 0.0 100 
9 27 56.1 42.9 0.55 23.6 32.5 80.0 0.0 100 
10 28 19.0 41.6 0.25 10.4 8.6 80.0 0.0 100 
Total  455.6 340.7  233.5     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1995 
  18 1.7 39.1 0.00 0.0 1.7 1.7 0.0 100 
1 19 62.6 32.4 0.35 11.3 51.3 53.0 0.0 100 
2 20 53.0 28.5 0.55 15.7 37.3 80.0 0.0 100 
3 21 31.9 32.0 0.90 28.8 3.1 80.0 0.0 100 
4 22 35.6 23.0 1.10 25.3 10.3 80.0 0.0 100 
5 23 19.3 27.1 1.10 29.8 -10.5 69.5 0.0 100 
6 24 3.6 30.7 1.10 33.8 -30.2 39.3 0.0 100 
7 25 60.9 31.4 1.10 34.5 26.4 65.7 0.0 100 
8 26 24.9 29.3 0.85 24.9 0.0 65.7 0.0 100 
9 27 0.8 33.7 0.55 18.5 -17.7 47.9 0.0 100 
10 28 2.7 42.5 0.25 10.6 -7.9 40.0 0.0 100 
Total  297.0 349.7  233.3     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1996 
  18 35.2 44.9 0.00 0.0 35.2 35.2 0.0 100 
1 19 8.5 42.7 0.35 14.9 -6.4 28.8 0.0 100 
2 20 0.8 38.2 0.55 21.0 -20.2 8.5 0.0 100 
3 21 47.7 32.6 0.90 29.3 18.4 26.9 0.0 100 
4 22 79.4 28.2 1.10 31.0 48.4 75.3 0.0 100 
5 23 21.2 30.4 1.10 33.4 -12.2 63.0 0.0 100 
6 24 24.7 26.7 1.10 29.4 -4.7 58.4 0.0 100 
7 25 49.8 31.5 1.10 34.7 15.2 73.5 0.0 100 
8 26 30.6 29.8 0.85 25.3 5.3 78.8 0.0 100 
9 27 47.2 33.0 0.55 18.2 29.1 80.0 0.0 100 
10 28 66.7 28.6 0.25 7.2 59.6 80.0 0.0 100 
Total   411.8 366.6   244.4         
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1997 
  18 57.1 43.9 0.00 0.0 57.1 57.1 0.0 100 
1 19 41.1 36.7 0.35 12.8 28.3 80.0 0.0 100 
2 20 28.4 39.2 0.55 21.6 6.8 80.0 0.0 100 
3 21 1.9 42.6 0.90 38.3 -36.4 43.6 0.0 100 
4 22 56.7 37.6 1.10 41.4 15.3 58.9 0.0 100 
5 23 40.8 29.7 1.10 32.7 8.1 67.0 0.0 100 
6 24 48.1 34.1 1.10 37.5 10.6 77.6 0.0 100 
7 25 29.9 35.1 1.10 38.6 -8.7 68.9 0.0 100 
8 26 15.2 36.1 0.85 30.7 -15.5 53.4 0.0 100 
9 27 8.5 36.9 0.55 20.3 -11.8 41.6 0.0 100 
10 28 2.0 43.2 0.25 10.8 -8.8 32.8 0.0 100 
Total  329.7 415.1  284.7     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1998 
  18 1.8 44.5 0.00 0.0 1.8 1.8 0.0 100 
1 19 75.7 45.0 0.35 15.8 60.0 61.8 0.0 100 
2 20 14.5 26.3 0.55 14.5 0.0 61.8 0.0 100 
3 21 41.4 32.5 0.90 29.3 12.2 73.9 0.0 100 
4 22 61.8 29.0 1.10 31.9 29.9 80.0 0.0 100 
5 23 95.6 25.0 1.10 27.5 68.1 80.0 0.0 100 
6 24 62.3 23.0 1.10 25.3 37.0 80.0 0.0 100 
7 25 37.2 26.0 1.10 28.6 8.6 80.0 0.0 100 
8 26 26.8 25.0 0.85 21.3 5.6 80.0 0.0 100 
9 27 39.4 26.5 0.55 14.6 24.8 80.0 0.0 100 
10 28 34.8 26.2 0.25 6.6 28.3 80.0 0.0 100 
Total  491.3 329.0  215.1     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1999 
  18 42.2 41.0 0.00 0.0 42.2 42.2 0.0 100 
1 19 4.9 43.0 0.35 15.1 -10.2 32.1 0.0 100 
2 20 16.2 34.9 0.55 19.2 -3.0 29.1 0.0 100 
3 21 53.2 29.0 0.90 26.1 27.1 56.2 0.0 100 
4 22 53.2 24.5 1.10 27.0 26.3 80.0 0.0 100 
5 23 20.0 26.4 1.10 29.0 -9.0 71.0 0.0 100 
6 24 37.3 26.2 1.10 28.8 8.5 79.4 0.0 100 
7 25 26.8 24.1 1.10 26.5 0.3 79.7 0.0 100 
8 26 2.1 30.0 0.85 25.5 -23.4 56.3 0.0 100 
9 27 11.8 31.1 0.55 17.1 -5.3 51.0 0.0 100 
10 28 36.4 26.1 0.25 6.5 29.9 80.9 0.0 100 
Total  304.1 336.3  220.8     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
2000 
  18 23.4 46.5 0.00 0.0 23.4 23.4 0.0 100 
1 19 84.1 41.2 0.35 14.4 69.7 80.0 0.0 100 
2 20 54.5 34.0 0.55 18.7 35.8 80.0 0.0 100 
3 21 50.7 34.8 0.90 31.3 19.4 80.0 0.0 100 
4 22 67.0 23.3 1.10 25.6 41.4 80.0 0.0 100 
5 23 19.2 23.0 1.10 25.3 -6.1 73.9 0.0 100 
6 24 38.7 29.2 1.10 32.1 6.6 80.5 0.0 100 
7 25 47.3 28.3 1.10 31.1 16.2 80.0 0.0 100 
8 26 18.1 31.7 0.85 26.9 -8.8 71.2 0.0 100 
9 27 27.3 34.5 0.55 19.0 8.3 79.5 0.0 100 
10 28 37.5 30.5 0.25 7.6 29.9 80.0 0.0 100 
Total  467.8 357.0  232.2     
Calculation of water requirement satisfaction index of groundnut 
seasons 1991- 2000 in Babanusa, West Kordofan: 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1991 
 18 20.4 39.8 0.00 0.0 20.4 20.4 0.0 100 
1 19 27.1 35.0 0.35 12.3 14.9 35.3 0.0 100 
2 20 39.7 35.7 0.50 17.9 21.9 57.1 0.0 100 
3 21 97.7 28.3 0.85 24.1 73.6 80.0 0.0 100 
4 22 42.0 32.1 1.00 32.1 9.9 80.0 0.0 100 
5 23 25.2 26.2 1.10 28.8 -3.6 76.4 0.0 100 
6 24 20.4 26.4 1.15 30.4 -10.0 66.4 0.0 100 
7 25 35.8 35.2 1.15 40.5 -4.7 61.7 0.0 100 
8 26 30.0 34.1 1.15 39.2 -9.2 52.5 0.0 100 
9 27 17.3 33.7 1.10 37.1 -19.8 32.8 0.0 100 
10 28 1.1 41.9 0.90 37.7 -36.6 0.0 -3.9 99 
11 29 1.5 45.2 0.60 27.1 -25.6 0.0 -25.6 91 
Total  358.2 413.6  327.0     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1992 
  18 68.8 64.8 0.00 0.0 68.8 68.8 0.0 100 
1 19 96.6 46.1 0.35 16.1 80.5 80.0 0.0 100 
2 20 55.4 48.4 0.50 24.2 31.2 80.0 0.0 100 
3 21 39.9 44.8 0.85 38.1 1.8 80.0 0.0 100 
4 22 104.6 30.4 1.00 30.4 74.2 80.0 0.0 100 
5 23 93.1 36.4 1.10 40.0 53.1 80.0 0.0 100 
6 24 98.3 28.0 1.15 32.2 66.1 80.0 0.0 100 
7 25 70.0 25.7 1.15 29.6 40.4 80.0 0.0 100 
8 26 3.0 23.4 1.15 26.9 -23.9 56.1 0.0 100 
9 27 39.8 29.2 1.10 32.1 7.7 63.8 0.0 100 
10 28 3.5 33.6 0.90 30.2 -26.7 37.0 0.0 100 
11 29 6.4 39.0 0.60 23.4 -17.0 20.0 0.0 100 
Total  679.4 449.8  323.3     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1993 
  18 2.6 34.3 0.00 0.0 2.6 2.6 0.0 100 
1 19 74.7 35.8 0.35 12.5 62.2 64.8 0.0 100 
2 20 13.3 37.1 0.50 18.6 -5.3 59.5 0.0 100 
3 21 16.1 34.6 0.85 29.4 -13.3 46.2 0.0 100 
4 22 8.2 38.7 1.00 38.7 -30.5 15.7 0.0 100 
5 23 14.1 41.9 1.10 46.1 -32.0 0.0 -16.3 96 
6 24 43.8 37.8 1.15 43.5 0.3 0.3 0.0 96 
7 25 47.3 49.8 1.15 57.3 -10.0 0.0 -9.6 94 
8 26 18.1 30.5 1.15 35.1 -17.0 0.0 -17.0 90 
9 27 27.3 50.0 1.10 55.0 -27.7 0.0 -27.7 83 
10 28 24.3 51.0 0.90 45.9 -21.6 0.0 -21.6 78 
11 29 9.2 52.4 0.60 31.4 -22.2 0.0 -22.2 72 
Total  299.0 493.9  413.4     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1994 
  18 14.0 30.7 0.00 0.0 14.0 14.0 0.0 100 
1 19 39.3 28.6 0.35 10.0 29.3 43.3 0.0 100 
2 20 87.7 25.4 0.50 12.7 75.0 80.0 0.0 100 
3 21 47.8 26.4 0.85 22.4 25.4 80.0 0.0 100 
4 22 78.6 21.7 1.00 21.7 56.9 80.0 0.0 100 
5 23 16.9 33.2 1.10 36.5 -19.6 60.4 0.0 100 
6 24 8.0 31.7 1.15 36.5 -28.5 31.9 0.0 100 
7 25 79.3 27.1 1.15 31.2 48.1 80.1 0.0 100 
8 26 8.9 31.4 1.15 36.1 -27.2 52.9 0.0 100 
9 27 56.1 42.9 1.10 47.2 8.9 61.8 0.0 100 
10 28 19.0 41.6 0.90 37.4 -18.4 43.3 0.0 100 
11 29 7.1 51.1 0.60 30.7 -23.6 19.8 0.0 100 
Total  462.7 391.8  322.4     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1995 
  18 1.7 39.1 0.00 0.0 1.7 1.7 0.0 100 
1 19 62.6 32.4 0.35 11.3 51.3 53.0 0.0 100 
2 20 53.0 28.5 0.50 14.3 38.8 80.0 0.0 100 
3 21 31.9 32.0 0.85 27.2 4.7 80.0 0.0 100 
4 22 35.6 23.0 1.00 23.0 12.6 80.0 0.0 100 
5 23 19.3 27.1 1.10 29.8 -10.5 69.5 0.0 100 
6 24 3.6 30.7 1.15 35.3 -31.7 37.8 0.0 100 
7 25 60.9 31.4 1.15 36.1 24.8 62.6 0.0 100 
8 26 24.9 29.3 1.15 33.7 -8.8 53.8 0.0 100 
9 27 0.8 33.7 1.10 37.1 -36.3 17.5 0.0 100 
10 28 2.7 42.5 0.90 38.3 -35.6 0.0 -18.0 94 
11 29 0.0 49.1 0.60 29.5 -29.5 0.0 -29.5 85 
Total  297.0 398.8  315.5     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1996 
  18 35.2 44.9 0.00 0.0 35.2 35.2 0.0 100 
1 19 8.5 42.7 0.35 14.9 -6.4 28.8 0.0 100 
2 20 0.8 38.2 0.50 19.1 -18.3 10.5 0.0 100 
3 21 47.7 32.6 0.85 27.7 20.0 30.4 0.0 100 
4 22 79.4 28.2 1.00 28.2 51.2 81.6 0.0 100 
5 23 21.2 30.4 1.10 33.4 -12.2 69.4 0.0 100 
6 24 24.7 26.7 1.15 30.7 -6.0 63.4 0.0 100 
7 25 49.8 31.5 1.15 36.2 13.6 77.0 0.0 100 
8 26 30.6 29.8 1.15 34.3 -3.7 73.3 0.0 100 
9 27 47.2 33.0 1.10 36.3 10.9 80.0 0.0 100 
10 28 66.7 28.6 0.90 25.7 41.0 80.0 0.0 100 
11 29 17.1 40.3 0.60 24.2 -7.1 72.9 0.0 100 
Total   428.9 406.9   310.8         
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1997  
  18 57.1 43.9 0.00 0.0 57.1 57.1 0.0 100 
1 19 41.1 36.7 0.35 12.8 28.3 80.0 0.0 100 
2 20 28.4 39.2 0.50 19.6 8.8 80.0 0.0 100 
3 21 1.9 42.6 0.85 36.2 -34.3 45.7 0.0 100 
4 22 56.7 37.6 1.00 37.6 19.1 64.8 0.0 100 
5 23 40.8 29.7 1.10 32.7 8.1 72.9 0.0 100 
6 24 48.1 34.1 1.15 39.2 8.9 80.0 0.0 100 
7 25 29.9 35.1 1.15 40.4 -10.5 69.5 0.0 100 
8 26 15.2 36.1 1.15 41.5 -26.3 43.2 0.0 100 
9 27 8.5 36.9 1.10 40.6 -32.1 11.1 0.0 100 
10 28 2.0 43.2 0.90 38.9 -36.9 0.0 -25.8 93 
11 29 4.5 41.0 0.60 24.6 -20.1 0.0 -20.1 87 
Total  334.2 456.1  364.1     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1998  
  18 1.8 44.5 0.00 0.0 1.8 1.8 0.0 100 
1 19 75.7 45.0 0.35 15.8 60.0 61.8 0.0 100 
2 20 14.5 26.3 0.50 13.2 1.4 63.1 0.0 100 
3 21 41.4 32.5 0.85 27.6 13.8 76.9 0.0 100 
4 22 61.8 29.0 1.00 29.0 32.8 80.0 0.0 100 
5 23 95.6 25.0 1.10 27.5 68.1 80.0 0.0 100 
6 24 62.3 23.0 1.15 26.5 35.9 80.0 0.0 100 
7 25 37.2 26.0 1.15 29.9 7.3 80.0 0.0 100 
8 26 26.8 25.0 1.15 28.8 -2.0 78.1 0.0 100 
9 27 39.4 26.5 1.10 29.2 10.3 80.0 0.0 100 
10 28 34.8 26.2 0.90 23.6 11.2 80.0 0.0 100 
11 29 4.0 26.6 0.60 16.0 -12.0 68.0 0.0 100 
Total  495.3 355.6  266.8     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1999 
  18 57.1 43.9 0.00 0.0 57.1 57.1 0.0 100 
1 19 41.1 36.7 0.35 12.8 28.3 80.0 0.0 100 
2 20 28.4 39.2 0.50 19.6 8.8 80.0 0.0 100 
3 21 1.9 42.6 0.85 36.2 -34.3 45.7 0.0 100 
4 22 56.7 37.6 1.00 37.6 19.1 64.8 0.0 100 
5 23 40.8 29.7 1.10 32.7 8.1 72.9 0.0 100 
6 24 48.1 34.1 1.15 39.2 8.9 80.0 0.0 100 
7 25 29.9 35.1 1.15 40.4 -10.5 69.5 0.0 100 
8 26 15.2 36.1 1.15 41.5 -26.3 43.2 0.0 100 
9 27 8.5 36.9 1.10 40.6 -32.1 11.1 0.0 100 
10 28 2.0 43.2 0.90 38.9 -36.9 0.0 -25.8 93 
11 29 4.5 41.0 0.60 24.6 -20.1 0.0 -20.1 87 
Total  334.2 456.1  364.1     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
2000 
  18 1.8 44.5 0.00 0.0 1.8 1.8 0.0 100 
1 19 75.7 45.0 0.35 15.8 60.0 61.8 0.0 100 
2 20 14.5 26.3 0.50 13.2 1.4 63.1 0.0 100 
3 21 41.4 32.5 0.85 27.6 13.8 76.9 0.0 100 
4 22 61.8 29.0 1.00 29.0 32.8 80.0 0.0 100 
5 23 95.6 25.0 1.10 27.5 68.1 80.0 0.0 100 
6 24 62.3 23.0 1.15 26.5 35.9 80.0 0.0 100 
7 25 37.2 26.0 1.15 29.9 7.3 80.0 0.0 100 
8 26 26.8 25.0 1.15 28.8 -2.0 78.1 0.0 100 
9 27 39.4 26.5 1.10 29.2 10.3 80.0 0.0 100 
10 28 34.8 26.2 0.90 23.6 11.2 80.0 0.0 100 
11 29 4.0 26.6 0.60 16.0 -12.0 68.0 0.0 100 
Total  495.3 355.6  266.8     
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Calculation of water requirement satisfaction index of millet seasons 
1991- 2000 in El-Geniena, West Darfur: 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 
1991 18 14.2 68.0 0.00 0.0 14.2 14.2 0.0 100 
1 19 0.0 59.0 0.35 20.7 -20.7 0.0 -6.5 98 
2 20 70.0 51.0 0.55 28.1 42.0 42.0 0.0 98 
3 21 123.6 51.0 0.72 36.7 86.9 80.0 0.0 98 
4 22 34.9 43.0 1.00 43.0 -8.1 71.9 0.0 98 
5 23 132.3 42.0 1.00 42.0 90.3 80.0 0.0 98 
6 24 15.2 50.0 1.00 50.0 -34.8 45.2 0.0 98 
7 25 1.2 45.0 1.00 45.0 -43.8 1.4 0.0 98 
8 26 0.0 47.0 0.66 31.0 -31.0 0.0 -29.6 88 
9 27 1.3 51.0 0.30 15.3 -14.0 0.0 -14.0 84 
Total  392.7 507.0  311.7     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1992 
  18 0.0 70.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 103.8 58.0 0.35 20.3 83.5 80.0 0.0 100 
2 20 67.2 50.0 0.55 27.5 39.7 80.0 0.0 100 
3 21 123.2 53.0 0.72 38.2 85.0 80.0 0.0 100 
4 22 18.1 37.0 1.00 37.0 -18.9 61.1 0.0 100 
5 23 75.6 38.0 1.00 38.0 37.6 80.0 0.0 100 
6 24 24.2 44.0 1.00 44.0 -19.8 60.2 0.0 100 
7 25 9.7 44.0 1.00 44.0 -34.3 25.9 0.0 100 
8 26 6.2 49.0 0.66 32.3 -26.1 0.0 -0.2 100 
9 27 14.9 49.0 0.30 14.7 0.2 0.2 0.0 100 
Total  442.9 492.0  296.0     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1993 
  18 7.6 67.0 0.00 0.0 7.6 7.6 0.0 100 
1 19 30.9 56.0 0.35 19.6 11.3 18.9 0.0 100 
2 20 7.0 52.0 0.55 28.6 -21.6 0.0 -2.7 99 
3 21 23.5 55.0 0.72 39.6 -16.1 0.0 -16.1 94 
4 22 29.0 48.0 1.00 48.0 -19.0 0.0 -19.0 88 
5 23 76.0 43.0 1.00 43.0 33.0 33.0 0.0 88 
6 24 139.5 47.0 1.00 47.0 92.5 80.0 0.0 88 
7 25 20.2 43.0 1.00 43.0 -22.8 57.2 0.0 88 
8 26 5.1 45.0 0.66 29.7 -24.6 32.6 0.0 88 
9 27 0.0 50.0 0.30 15.0 -15.0 17.6 0.0 88 
Total  338.8 506.0  313.5     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1994 
  18 0.0 69.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 38.2 56.0 0.35 19.6 18.6 18.6 0.0 100 
2 20 80.1 52.0 0.55 28.6 51.5 70.1 0.0 100 
3 21 18.1 54.0 0.72 38.9 -20.8 49.3 0.0 100 
4 22 71.4 42.0 1.00 42.0 29.4 78.7 0.0 100 
5 23 117.9 42.0 1.00 42.0 75.9 80.0 0.0 100 
6 24 23.0 48.0 1.00 48.0 -25.0 55.0 0.0 100 
7 25 113.0 42.0 1.00 42.0 71.0 80.0 0.0 100 
8 26 33.3 43.0 0.66 28.4 4.9 80.0 0.0 100 
9 27 0.2 47.0 0.30 14.1 -13.9 66.1 0.0 100 
Total  495.2 495.0  303.6     
 
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1995 
  18 10.4 69.0 0.00 0.0 10.4 10.4 0.0 100 
1 19 56.5 53.0 0.35 18.6 38.0 48.4 0.0 100 
2 20 55.1 49.0 0.55 27.0 28.2 76.5 0.0 100 
3 21 109.6 52.0 0.72 37.4 72.2 80.0 0.0 100 
4 22 57.2 44.0 1.00 44.0 13.2 80.0 0.0 100 
5 23 6.9 45.0 1.00 45.0 -38.1 41.9 0.0 100 
6 24 107.0 51.0 1.00 51.0 56.0 80.0 0.0 100 
7 25 24.1 46.0 1.00 46.0 -21.9 58.1 0.0 100 
8 26 65.6 45.0 0.66 29.7 35.9 80.0 0.0 100 
9 27 9.8 51.0 0.30 15.3 -5.5 74.5 0.0 100 
Total  502.2 505.0  313.9     
 
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% Season 1996 
18 2.0 69.0 0.00 0.0 2.0 2.0 0.0 100 
1 19 26.1 62.0 0.35 21.7 4.4 6.4 0.0 100 
2 20 30.5 53.0 0.55 29.2 1.4 7.8 0.0 100 
3 21 25.4 58.0 0.72 41.8 -16.4 0.0 -8.6 97 
4 22 2.6 51.0 1.00 51.0 -48.4 0.0 -48.4 83 
5 23 67.3 45.0 1.00 45.0 22.3 22.3 0.0 83 
6 24 17.1 50.0 1.00 50.0 -32.9 0.0 -10.6 79 
7 25 8.3 47.0 1.00 47.0 -38.7 0.0 -38.7 68 
8 26 21.2 46.0 0.66 30.4 -9.2 0.0 -9.2 65 
9 27 16.7 40.0 0.30 12.0 4.7 4.7 0.0 65 
Total  217.2 521.0  328.0     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1997 
  18 14.0 61.0 0.00 0.0 14.0 14.0 0.0 100 
1 19 98.2 54.0 0.35 18.9 79.3 80.0 0.0 100 
2 20 106.2 48.0 0.55 26.4 79.8 80.0 0.0 100 
3 21 36.4 56.0 0.72 40.3 -3.9 76.1 0.0 100 
4 22 68.4 44.0 1.00 44.0 24.4 80.0 0.0 100 
5 23 43.0 42.0 1.00 42.0 1.0 80.0 0.0 100 
6 24 11.4 50.0 1.00 50.0 -38.6 41.4 0.0 100 
7 25 20.0 47.0 1.00 47.0 -27.0 14.4 0.0 100 
8 26 37.8 47.0 0.66 31.0 6.8 21.2 0.0 100 
9 27 13.3 53.0 0.30 15.9 -2.6 18.6 0.0 100 
Total  448.7 502.0  315.5     
 
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1998 
  18 9.2 64.0 0.00 0.0 9.2 9.2 0.0 100 
1 19 6.7 60.0 0.35 21.0 -14.3 0.0 -5.1 98 
2 20 58.4 51.0 0.55 28.1 30.4 30.4 0.0 98 
3 21 118.4 53.0 0.72 38.2 80.2 80.0 0.0 98 
4 22 46.7 48.0 1.00 48.0 -1.3 78.7 0.0 98 
5 23 24.1 49.0 1.00 49.0 -24.9 53.8 0.0 98 
6 24 61.0 58.0 1.00 58.0 3.0 56.8 0.0 98 
7 25 42.3 47.0 1.00 47.0 -4.7 52.1 0.0 98 
8 26 34.8 47.0 0.66 31.0 3.8 55.9 0.0 98 
9 27 0.0 50.0 0.30 15.0 -15.0 40.9 0.0 98 
Total  401.6 527.0  335.2     
 
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1999 
  18 0.4 70.0 0.00 0.0 0.4 0.4 0.0 100 
1 19 17.6 56.0 0.35 19.6 -2.0 0.0 -1.6 99 
2 20 86.5 48.0 0.55 26.4 60.1 60.1 0.0 99 
3 21 46.4 50.0 0.72 36.0 10.4 70.5 0.0 99 
4 22 104.8 41.0 1.00 41.0 63.8 80.0 0.0 99 
5 23 59.9 40.0 1.00 40.0 19.9 80.0 0.0 99 
6 24 86.2 44.0 1.00 44.0 42.2 80.0 0.0 99 
7 25 56.2 41.0 1.00 41.0 15.2 80.0 0.0 99 
8 26 34.2 43.0 0.66 28.4 5.8 80.0 0.0 99 
9 27 24.4 46.0 0.30 13.8 10.6 80.0 0.0 99 
Total  516.6 479.0  290.2     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
2000 
  18 0.0 69.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 7.7 59.0 0.35 20.7 -13.0 0.0 -13.0 96 
2 20 66.7 52.0 0.55 28.6 38.1 38.1 0.0 96 
3 21 87.8 52.0 0.72 37.4 50.4 80.0 0.0 96 
4 22 51.0 43.0 1.00 43.0 8.0 80.0 0.0 96 
5 23 35.6 43.0 1.00 43.0 -7.4 72.6 0.0 96 
6 24 22.4 50.0 1.00 50.0 -27.6 45.0 0.0 96 
7 25 21.6 42.0 1.00 42.0 -20.4 24.6 0.0 96 
8 26 6.0 41.0 0.66 27.1 -21.1 3.5 0.0 96 
9 27 0.0 47.0 0.30 14.1 -14.1 0.0 -10.6 93 
Total  298.8 498.0  305.9     
Calculation of water requirement satisfaction index of sorghum seasons 
1991- 2000 in El-Geniena, West Darfur: 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 
1991 18 14.2 68.0 0.00 0.0 14.2 14.2 0.0 100 
1 19 0.0 59.0 0.35 20.7 -20.7 0.0 -6.5 98 
2 20 70.0 51.0 0.55 28.1 42.0 42.0 0.0 98 
3 21 123.6 51.0 0.85 43.4 80.3 80.0 0.0 98 
4 22 34.9 43.0 1.00 43.0 -8.1 71.9 0.0 98 
5 23 132.3 42.0 1.10 46.2 86.1 80.0 0.0 98 
6 24 15.2 50.0 1.10 55.0 -39.8 40.2 0.0 98 
7 25 1.2 45.0 1.10 49.5 -48.3 0.0 -8.1 96 
8 26 0.0 47.0 1.10 51.7 -51.7 0.0 -51.7 84 
9 27 1.3 51.0 0.80 40.8 -39.5 0.0 -39.5 74 
10 28 0.0 50.0 0.55 27.5 -27.5 0.0 -27.5 67 
Total  392.7 557.0  405.8     
 
 
Dekad Ra mm ETo mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1992 
  18 0.0 70.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 103.8 58.0 0.35 20.3 83.5 80.0 0.0 100 
2 20 67.2 50.0 0.55 27.5 39.7 80.0 0.0 100 
3 21 123.2 53.0 0.85 45.1 78.2 80.0 0.0 100 
4 22 18.1 37.0 1.00 37.0 -18.9 61.1 0.0 100 
5 23 75.6 38.0 1.10 41.8 33.8 80.0 0.0 100 
6 24 24.2 44.0 1.10 48.4 -24.2 55.8 0.0 100 
7 25 9.7 44.0 1.10 48.4 -38.7 17.1 0.0 100 
8 26 6.2 49.0 1.10 53.9 -47.7 0.0 -30.6 92 
9 27 14.9 49.0 0.80 39.2 -24.3 0.0 -24.3 86 
10 28 14.1 49.0 0.55 27.0 -12.9 0.0 -12.9 83 
Total  457.0 541.0  388.5     
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Dekad Ra mm ETo mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D  
mm WI% 
Season 
1993 
  18 7.6 67.0 0.00 0.0 7.6 7.6 0.0 100 
1 19 30.9 56.0 0.35 19.6 11.3 18.9 0.0 100 
2 20 7.0 52.0 0.55 28.6 -21.6 0.0 -2.7 99 
3 21 23.5 55.0 0.85 46.8 -23.3 0.0 -23.3 94 
4 22 29.0 48.0 1.00 48.0 -19.0 0.0 -19.0 89 
5 23 76.0 43.0 1.10 47.3 28.7 28.7 0.0 89 
6 24 139.5 47.0 1.10 51.7 84.0 80.0 0.0 89 
7 25 20.2 43.0 1.10 47.3 -27.1 52.9 0.0 89 
8 26 5.1 45.0 1.10 49.5 -44.4 8.5 0.0 89 
9 27 0.0 50.0 0.80 40.0 -40.0 0.0 -31.5 81 
10 28 4.2 50.0 0.55 27.5 -23.3 0.0 -23.3 75 
Total  343.0 556.0  406.3     
 
 
Dekad Ra mm ETo mm Kc Wr mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1994 
  18 0.0 69.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 38.2 56.0 0.35 19.6 18.6 18.6 0.0 100 
2 20 80.1 52.0 0.55 28.6 51.5 70.1 0.0 100 
3 21 18.1 54.0 0.85 45.9 -27.8 42.3 0.0 100 
4 22 71.4 42.0 1.00 42.0 29.4 71.7 0.0 100 
5 23 117.9 42.0 1.10 46.2 71.7 80.0 0.0 100 
6 24 23.0 48.0 1.10 52.8 -29.8 50.2 0.0 100 
7 25 113.0 42.0 1.10 46.2 66.8 80.0 0.0 100 
8 26 33.3 43.0 1.10 47.3 -14.0 66.0 0.0 100 
9 27 0.2 47.0 0.80 37.6 -37.4 28.6 0.0 100 
10 28 9.8 48.0 0.55 26.4 -16.6 12.0 0.0 100 
Total  505.0 543.0  392.6     
 
 
Dekad Ra mm ETo mm Kc Wr mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1995 
  18 10.4 69.0 0.00 0.0 10.4 10.4 0.0 100 
1 19 56.5 53.0 0.35 18.6 38.0 48.4 0.0 100 
2 20 55.1 49.0 0.55 27.0 28.2 76.5 0.0 100 
3 21 109.6 52.0 0.85 44.2 65.4 80.0 0.0 100 
4 22 57.2 44.0 1.00 44.0 13.2 80.0 0.0 100 
5 23 6.9 45.0 1.10 49.5 -42.6 37.4 0.0 100 
6 24 107.0 51.0 1.10 56.1 50.9 80.0 0.0 100 
7 25 24.1 46.0 1.10 50.6 -26.5 53.5 0.0 100 
8 26 65.6 45.0 1.10 49.5 16.1 69.6 0.0 100 
9 27 9.8 51.0 0.80 40.8 -31.0 38.6 0.0 100 
10 28 15.0 48.0 0.55 26.4 -11.4 27.2 0.0 100 
Total  517.2 553.0  406.6     
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Dekad Ra mm ETo mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D       
mm WI% 
Season 
1996 
  18 2.0 69.0 0.00 0.0 2.0 2.0 0.0 100 
1 19 26.1 62.0 0.35 21.7 4.4 6.4 0.0 100 
2 20 30.5 53.0 0.55 29.2 1.4 7.8 0.0 100 
3 21 25.4 58.0 0.85 49.3 -23.9 0.0 -16.2 96 
4 22 2.6 51.0 1.00 51.0 -48.4 0.0 -48.4 85 
5 23 67.3 45.0 1.10 49.5 17.8 17.8 0.0 85 
6 24 17.1 50.0 1.10 55.0 -37.9 0.0 -20.1 80 
7 25 8.3 47.0 1.10 51.7 -43.4 0.0 -43.4 69 
8 26 21.2 46.0 1.10 50.6 -29.4 0.0 -29.4 62 
9 27 16.7 40.0 0.80 32.0 -15.3 0.0 -15.3 59 
10 28 14.7 49.0 0.55 27.0 -12.3 0.0 -12.3 56 
Total  231.9 570.0  416.9     
 
 
 
Dekad Ra mm ETo mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D  mm WI% 
Season 
1997 
  18 14.0 61.0 0.00 0.0 14.0 14.0 0.0 100 
1 19 98.2 54.0 0.35 18.9 79.3 80.0 0.0 100 
2 20 106.2 48.0 0.55 26.4 79.8 80.0 0.0 100 
3 21 36.4 56.0 0.85 47.6 -11.2 68.8 0.0 100 
4 22 68.4 44.0 1.00 44.0 24.4 80.0 0.0 100 
5 23 43.0 42.0 1.10 46.2 -3.2 76.8 0.0 100 
6 24 11.4 50.0 1.10 55.0 -43.6 33.2 0.0 100 
7 25 20.0 47.0 1.10 51.7 -31.7 1.5 0.0 100 
8 26 37.8 47.0 1.10 51.7 -13.9 0.0 -12.4 97 
9 27 13.3 53.0 0.80 42.4 -29.1 0.0 -29.1 90 
10 28 0.8 52.0 0.55 28.6 -27.8 0.0 -27.8 83 
Total  449.5 554.0  412.5     
 
 
Dekad Ra mm ETo mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1998 
  18 9.2 64.0 0.00 0.0 9.2 9.2 0.0 100 
1 19 6.7 60.0 0.35 21.0 -14.3 0.0 -5.1 99 
2 20 58.4 51.0 0.55 28.1 30.4 30.4 0.0 99 
3 21 118.4 53.0 0.85 45.1 73.4 80.0 0.0 99 
4 22 46.7 48.0 1.00 48.0 -1.3 78.7 0.0 99 
5 23 24.1 49.0 1.10 53.9 -29.8 48.9 0.0 99 
6 24 61.0 58.0 1.10 63.8 -2.8 46.1 0.0 99 
7 25 42.3 47.0 1.10 51.7 -9.4 36.7 0.0 99 
8 26 34.8 47.0 1.10 51.7 -16.9 19.8 0.0 99 
9 27 0.0 50.0 0.80 40.0 -40.0 0.0 -20.2 94 
10 28 5.7 49.0 0.55 27.0 -21.3 0.0 -21.3 89 
Total  407.3 576.0  430.2     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1999 
  18 0.4 70.0 0.00 0.0 0.4 0.4 0.0 100 
1 19 17.6 56.0 0.35 19.6 -2.0 0.0 -1.6 100 
2 20 86.5 48.0 0.55 26.4 60.1 60.1 0.0 100 
3 21 46.4 50.0 0.85 42.5 3.9 64.0 0.0 100 
4 22 104.8 41.0 1.00 41.0 63.8 80.0 0.0 100 
5 23 59.9 40.0 1.10 44.0 15.9 80.0 0.0 100 
6 24 86.2 44.0 1.10 48.4 37.8 80.0 0.0 100 
7 25 56.2 41.0 1.10 45.1 11.1 80.0 0.0 100 
8 26 34.2 43.0 1.10 47.3 -13.1 66.9 0.0 100 
9 27 24.4 46.0 0.80 36.8 -12.4 54.5 0.0 100 
10 28 20.6 45.0 0.55 24.8 -4.2 50.4 0.0 100 
Total  537.2 524.0  375.9     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
2000 
  18 0.0 69.0 0.00 0.0 0.0 6.1 0.0 100 
1 19 7.7 59.0 0.35 20.7 -13.0 0.0 -6.9 98 
2 20 66.7 52.0 0.55 28.6 38.1 38.1 0.0 98 
3 21 87.8 52.0 0.85 44.2 43.6 80.0 0.0 98 
4 22 51.0 43.0 1.00 43.0 8.0 80.0 0.0 98 
5 23 35.6 43.0 1.10 47.3 -11.7 68.3 0.0 98 
6 24 22.4 50.0 1.10 55.0 -32.6 35.7 0.0 98 
7 25 21.6 42.0 1.10 46.2 -24.6 11.1 0.0 98 
8 26 6.0 41.0 1.10 45.1 -39.1 0.0 -28.0 91 
9 27 0.0 47.0 0.80 37.6 -37.6 0.0 -37.6 81 
10 28 1.7 49.0 0.55 27.0 -25.3 0.0 -25.3 75 
Total  300.5 547.0  394.6     
Calculation of water requirement satisfaction index of sesame seasons 
1991- 2000 in El-Geniena, West Darfur: 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 
1991 18 14.2 68.0 0.00 0.0 14.2 14.2 0.0 100 
1 19 0.0 59.0 0.35 20.7 -20.7 0.0 -6.5 98 
2 20 70.0 51.0 0.55 28.1 42.0 42.0 0.0 98 
3 21 123.6 51.0 0.90 45.9 77.7 80.0 0.0 98 
4 22 34.9 43.0 1.10 47.3 -12.4 67.6 0.0 98 
5 23 132.3 42.0 1.10 46.2 86.1 80.0 0.0 98 
6 24 15.2 50.0 1.10 55.0 -39.8 40.2 0.0 98 
7 25 1.2 45.0 1.10 49.5 -48.3 0.0 -8.1 96 
8 26 0.0 47.0 0.84 39.3 -39.3 0.0 -39.3 86 
9 27 1.3 51.0 0.55 28.1 -26.8 0.0 -26.8 78 
10 28 0.0 50.0 0.25 12.5 -12.5 0.0 -12.5 75 
Total  392.7 557.0  372.5     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1992 
  18 0.0 70.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 103.8 58.0 0.35 20.3 83.5 80.0 0.0 100 
2 20 67.2 50.0 0.55 27.5 39.7 80.0 0.0 100 
3 21 123.2 53.0 0.90 47.7 75.5 80.0 0.0 100 
4 22 18.1 37.0 1.10 40.7 -22.6 57.4 0.0 100 
5 23 75.6 38.0 1.10 41.8 33.8 80.0 0.0 100 
6 24 24.2 44.0 1.10 48.4 -24.2 55.8 0.0 100 
7 25 9.7 44.0 1.10 48.4 -38.7 17.1 0.0 100 
8 26 6.2 49.0 0.84 41.0 -34.8 0.0 -17.7 95 
9 27 14.9 49.0 0.55 27.0 -12.1 0.0 -12.1 92 
10 28 14.1 49.0 0.25 12.3 1.9 1.9 0.0 92 
Total  457.0 541.0  355.0     
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1993 
  18 7.6 67.0 0.00 0.0 7.6 0.0 0.0 100 
1 19 30.9 56.0 0.35 19.6 11.3 11.3 0.0 100 
2 20 7.0 52.0 0.55 28.6 -21.6 0.0 -10.3 97 
3 21 23.5 55.0 0.90 49.5 -26.0 0.0 -26.0 90 
4 22 29.0 48.0 1.10 52.8 -23.8 0.0 -23.8 84 
5 23 76.0 43.0 1.10 47.3 28.7 28.7 0.0 84 
6 24 139.5 47.0 1.10 51.7 84.0 80.0 0.0 84 
7 25 20.2 43.0 1.10 47.3 -27.1 52.9 0.0 84 
8 26 5.1 45.0 0.84 37.7 -32.6 20.3 0.0 84 
9 27 0.0 50.0 0.55 27.5 -27.5 0.0 -7.2 82 
10 28 4.2 50.0 0.25 12.5 -8.3 0.0 -8.3 80 
Total  343.0 556.0  374.5     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1994 
  18 0.0 69.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 38.2 56.0 0.35 19.6 18.6 18.6 0.0 100 
2 20 80.1 52.0 0.55 28.6 51.5 70.1 0.0 100 
3 21 18.1 54.0 0.90 48.6 -30.5 39.6 0.0 100 
4 22 71.4 42.0 1.10 46.2 25.2 64.8 0.0 100 
5 23 117.9 42.0 1.10 46.2 71.7 80.0 0.0 100 
6 24 23.0 48.0 1.10 52.8 -29.8 50.2 0.0 100 
7 25 113.0 42.0 1.10 46.2 66.8 80.0 0.0 100 
8 26 33.3 43.0 0.84 36.0 -2.7 77.3 0.0 100 
9 27 0.2 47.0 0.55 25.9 -25.7 51.7 0.0 100 
10 28 8.9 48.0 0.25 12.0 -3.1 48.6 0.0 100 
Total  504.1 543.0  362.0     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1995 
  18 10.4 69.0 0.00 0.0 10.4 10.4 0.0 100 
1 19 56.5 53.0 0.35 18.6 38.0 48.4 0.0 100 
2 20 55.1 49.0 0.55 27.0 28.2 76.5 0.0 100 
3 21 109.6 52.0 0.90 46.8 62.8 80.0 0.0 100 
4 22 57.2 44.0 1.10 48.4 8.8 80.0 0.0 100 
5 23 6.9 45.0 1.10 49.5 -42.6 37.4 0.0 100 
6 24 107.0 51.0 1.10 56.1 50.9 80.0 0.0 100 
7 25 24.1 46.0 1.10 50.6 -26.5 53.5 0.0 100 
8 26 65.6 45.0 0.84 37.7 27.9 81.4 0.0 100 
9 27 9.8 51.0 0.55 28.1 -18.3 63.2 0.0 100 
10 28 15.0 48.0 0.25 12.0 3.0 66.2 0.0 100 
Total  517.2 553.0  374.6     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1996 
  18 2.0 69.0 0.00 0.0 2.0 2.0 0.0 100 
1 19 26.1 62.0 0.35 21.7 4.4 6.4 0.0 100 
2 20 30.5 53.0 0.55 29.2 1.4 7.8 0.0 100 
3 21 25.4 58.0 0.90 52.2 -26.8 0.0 -19.1 95 
4 22 2.6 51.0 1.10 56.1 -53.5 0.0 -53.5 81 
5 23 67.3 45.0 1.10 49.5 17.8 17.8 0.0 81 
6 24 17.1 50.0 1.10 55.0 -37.9 0.0 -20.1 76 
7 25 8.3 47.0 1.10 51.7 -43.4 0.0 -43.4 65 
8 26 21.2 46.0 0.84 38.5 -17.3 0.0 -17.3 60 
9 27 16.7 40.0 0.55 22.0 -5.3 0.0 -5.3 59 
10 28 14.7 49.0 0.25 12.3 2.5 2.5 0.0 59 
Total  231.9 570.0  388.1     
 
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1997 
  18 14.0 61.0 0.00 0.0 14.0 14.0 0.0 100 
1 19 98.2 54.0 0.35 18.9 79.3 80.0 0.0 100 
2 20 106.2 48.0 0.55 26.4 79.8 80.0 0.0 100 
3 21 36.4 56.0 0.90 50.4 -14.0 66.0 0.0 100 
4 22 68.4 44.0 1.10 48.4 20.0 80.0 0.0 100 
5 23 43.0 42.0 1.10 46.2 -3.2 76.8 0.0 100 
6 24 11.4 50.0 1.10 55.0 -43.6 33.2 0.0 100 
7 25 20.0 47.0 1.10 51.7 -31.7 1.5 0.0 100 
8 26 37.8 47.0 0.84 39.3 -1.5 0.0 0.0 100 
9 27 13.3 53.0 0.55 29.2 -15.9 0.0 -15.9 96 
10 28 0.8 52.0 0.25 13.0 -12.2 0.0 -12.2 93 
Total  449.5 554.0  378.5     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1998 
  18 9.2 64.0 0.00 0.0 9.2 9.2 0.0 100 
1 19 6.7 60.0 0.35 21.0 -14.3 0.0 -5.1 99 
2 20 58.4 51.0 0.55 28.1 30.4 30.4 0.0 99 
3 21 118.4 53.0 0.90 47.7 70.7 80.0 0.0 99 
4 22 46.7 48.0 1.10 52.8 -6.1 73.9 0.0 99 
5 23 24.1 49.0 1.10 53.9 -29.8 44.1 0.0 99 
6 24 61.0 58.0 1.10 63.8 -2.8 41.3 0.0 99 
7 25 42.3 47.0 1.10 51.7 -9.4 31.9 0.0 99 
8 26 34.8 47.0 0.84 39.3 -4.5 27.4 0.0 99 
9 27 0.0 50.0 0.55 27.5 -27.5 0.0 -0.1 99 
10 28 5.7 49.0 0.25 12.3 -6.6 0.0 -6.6 97 
Total  407.3 576.0  398.0     
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1999 
  18 0.4 70.0 0.00 0.0 0.4 0.4 0.0 100 
1 19 17.6 56.0 0.35 19.6 -2.0 -1.6 -1.6 100 
2 20 86.5 48.0 0.55 26.4 60.1 58.5 0.0 100 
3 21 46.4 50.0 0.90 45.0 1.4 59.9 0.0 100 
4 22 104.8 41.0 1.10 45.1 59.7 80.0 0.0 100 
5 23 59.9 40.0 1.10 44.0 15.9 80.0 0.0 100 
6 24 86.2 44.0 1.10 48.4 37.8 80.0 0.0 100 
7 25 56.2 41.0 1.10 45.1 11.1 80.0 0.0 100 
8 26 34.2 43.0 0.84 36.0 -1.8 78.2 0.0 100 
9 27 24.4 46.0 0.55 25.3 -0.9 77.3 0.0 100 
10 28 20.6 45.0 0.25 11.3 9.4 80.0 0.0 100 
Total  537.2 524.0  346.1     
 
 
 
 
 
Dekad Ra mm 
ETo 
mm Kc Wr mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
2000 
  18 0.0 69.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 7.7 59.0 0.35 20.7 -13.0 0.0 -13.0 96 
2 20 66.7 52.0 0.55 28.6 38.1 38.1 0.0 96 
3 21 87.8 52.0 0.90 46.8 41.0 79.1 0.0 96 
4 22 51.0 43.0 1.10 47.3 3.7 82.8 0.0 96 
5 23 35.6 43.0 1.10 47.3 -11.7 71.1 0.0 96 
6 24 22.4 50.0 1.10 55.0 -32.6 38.5 0.0 96 
7 25 21.6 42.0 1.10 46.2 -24.6 13.9 0.0 96 
8 26 6.0 41.0 0.84 34.3 -28.3 0.0 -14.4 92 
9 27 0.0 47.0 0.55 25.9 -25.9 0.0 -25.9 85 
10 28 1.7 49.0 0.25 12.3 -10.6 0.0 -10.6 82 
Total  300.5 547.0  364.3     
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Calculation of water requirement satisfaction index of groundnut seasons 
1991- 2000 in El-Geniena, West Darfur: 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm D mm WI% 
Season 
1991 
 18 14.2 68.0 0.00 0.0 14.2 14.2 0.0 100 
1 19 0.0 59.0 0.35 20.7 -20.7 0.0 -6.5 99 
2 20 70.0 51.0 0.50 25.5 44.5 44.5 0.0 99 
3 21 123.6 51.0 0.85 43.4 80.3 80.0 0.0 99 
4 22 34.9 43.0 1.00 43.0 -8.1 71.9 0.0 99 
5 23 132.3 42.0 1.10 46.2 86.1 80.0 0.0 99 
6 24 15.2 50.0 1.15 57.5 -42.3 37.7 0.0 99 
7 25 1.2 45.0 1.15 51.8 -50.6 0.0 -12.9 96 
8 26 0.0 47.0 1.15 54.1 -54.1 0.0 -54.1 85 
9 27 1.3 51.0 1.10 56.1 -54.8 0.0 -54.8 73 
10 28 0.0 50.0 0.90 45.0 -45.0 0.0 -45.0 63 
11 29 0.0 52.0 0.60 31.2 -31.2 0.0 -31.2 57 
Total  392.7 609.0  474.3     
 
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1992 
  18 0.0 70.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 103.8 58.0 0.35 20.3 83.5 80.0 0.0 100 
2 20 67.2 50.0 0.50 25.0 42.2 80.0 0.0 100 
3 21 123.2 53.0 0.85 45.1 78.2 80.0 0.0 100 
4 22 18.1 37.0 1.00 37.0 -18.9 61.1 0.0 100 
5 23 75.6 38.0 1.10 41.8 33.8 80.0 0.0 100 
6 24 24.2 44.0 1.15 50.6 -26.4 53.6 0.0 100 
7 25 9.7 44.0 1.15 50.6 -40.9 12.7 0.0 100 
8 26 6.2 49.0 1.15 56.4 -50.2 0.0 -37.5 92 
9 27 14.9 49.0 1.10 53.9 -39.0 0.0 -39.0 83 
10 28 14.1 49.0 0.90 44.1 -30.0 0.0 -30.0 77 
11 29 9.0 51.0 0.60 30.6 -21.6 0.0 -21.6 72 
Total  466.0 592.0  455.3     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1993 
  18 7.6 67.0 0.00 0.0 7.6 0.0 0.0 100 
1 19 30.9 56.0 0.35 19.6 11.3 11.3 0.0 100 
2 20 7.0 52.0 0.50 26.0 -19.0 0.0 -7.7 98 
3 21 23.5 55.0 0.85 46.8 -23.3 0.0 -23.3 93 
4 22 29.0 48.0 1.00 48.0 -19.0 0.0 -19.0 89 
5 23 76.0 43.0 1.10 47.3 28.7 28.7 0.0 89 
6 24 139.5 47.0 1.15 54.1 84.0 80.0 0.0 89 
7 25 20.2 43.0 1.15 49.5 -29.3 50.8 0.0 89 
8 26 5.1 45.0 1.15 51.8 -46.7 4.1 0.0 89 
9 27 0.0 50.0 1.10 55.0 -55.0 0.0 -50.9 79 
10 28 4.2 50.0 0.90 45.0 -40.8 0.0 -40.8 70 
11 29 0.0 52.0 0.60 31.2 -31.2 0.0 -31.2 64 
Total  343.0 608.0  474.1     
 
Dekad 
Ra 
mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1994 
  18 0.0 69.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 38.2 56.0 0.35 19.6 18.6 18.6 0.0 100 
2 20 80.1 52.0 0.50 26.0 54.1 72.7 0.0 100 
3 21 18.1 54.0 0.85 45.9 -27.8 44.9 0.0 100 
4 22 71.4 42.0 1.00 42.0 29.4 74.3 0.0 100 
5 23 117.9 42.0 1.10 46.2 71.7 80.0 0.0 100 
6 24 23.0 48.0 1.15 55.2 -32.2 47.8 0.0 100 
7 25 113.0 42.0 1.15 48.3 64.7 80.0 0.0 100 
8 26 33.3 43.0 1.15 49.5 -16.2 63.9 0.0 100 
9 27 0.2 47.0 1.10 51.7 -51.5 12.4 0.0 100 
10 28 9.8 48.0 0.90 43.2 -33.4 0.0 -21.1 95 
11 29 0.0 52.0 0.60 31.2 -31.2 0.0 -31.2 89 
Total  505.0 595.0  458.8     
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm Rs mm 
D 
mm WI% 
Season 
1995 
  18 10.4 69.0 0.00 0.0 10.4 0.0 0.0 100 
1 19 56.5 53.0 0.35 18.6 38.0 38.0 0.0 100 
2 20 55.1 49.0 0.50 24.5 30.6 68.6 0.0 100 
3 21 109.6 52.0 0.85 44.2 65.4 80.0 0.0 100 
4 22 57.2 44.0 1.00 44.0 13.2 80.0 0.0 100 
5 23 6.9 45.0 1.10 49.5 -42.6 37.4 0.0 100 
6 24 107.0 51.0 1.15 58.7 48.4 80.0 0.0 100 
7 25 24.1 46.0 1.15 52.9 -28.8 51.2 0.0 100 
8 26 65.6 45.0 1.15 51.8 13.9 65.1 0.0 100 
9 27 9.8 51.0 1.10 56.1 -46.3 18.8 0.0 100 
10 28 15.0 48.0 0.90 43.2 -28.2 0.0 -9.4 98 
11 29 0.0 51.0 0.60 30.6 -30.6 0.0 -30.6 92 
Total  517.2 604.0  474.0     
 
 40
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm Rs mm 
D 
mm WI% 
Season 
1996 
  18 2.0 69.0 0.00 0.0 2.0 0.0 0.0 100 
1 19 26.1 62.0 0.35 21.7 4.4 4.4 0.0 100 
2 20 30.5 53.0 0.50 26.5 4.0 8.4 0.0 100 
3 21 25.4 58.0 0.85 49.3 -23.9 0.0 -15.5 97 
4 22 2.6 51.0 1.00 51.0 -48.4 0.0 -48.4 87 
5 23 67.3 45.0 1.10 49.5 17.8 17.8 0.0 87 
6 24 17.1 50.0 1.15 57.5 -40.4 0.0 -22.6 82 
7 25 8.3 47.0 1.15 54.1 -45.8 0.0 -45.8 73 
8 26 21.2 46.0 1.15 52.9 -31.7 0.0 -31.7 66 
9 27 16.7 40.0 1.10 44.0 -27.3 0.0 -27.3 60 
10 28 14.7 49.0 0.90 44.1 -29.4 0.0 -29.4 54 
11 29 4.0 51.0 0.60 30.6 -26.6 0.0 -26.6 49 
Total  235.9 621.0  481.2     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
Season 
1997 
  18 14.0 61.0 0.00 0.0 14.0 0.0 0.0 100 
1 19 98.2 54.0 0.35 18.9 79.3 79.3 0.0 100 
2 20 106.2 48.0 0.50 24.0 82.2 80.0 0.0 100 
3 21 36.4 56.0 0.85 47.6 -11.2 68.8 0.0 100 
4 22 68.4 44.0 1.00 44.0 24.4 80.0 0.0 100 
5 23 43.0 42.0 1.10 46.2 -3.2 76.8 0.0 100 
6 24 11.4 50.0 1.15 57.5 -46.1 30.7 0.0 100 
7 25 20.0 47.0 1.15 54.1 -34.1 0.0 -3.3 99 
8 26 37.8 47.0 1.15 54.1 -16.3 0.0 -16.3 96 
9 27 13.3 53.0 1.10 58.3 -45.0 0.0 -45.0 87 
10 28 0.8 58.0 0.90 52.2 -51.4 0.0 -51.4 76 
11 29 0.0 53.0 0.60 31.8 -31.8 0.0 -31.8 70 
Total  449.5 613.0  488.6     
 
 
Season 
1998 Dekad 
Ra 
mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% 
1 18 9.2 64.0 0.00 0.0 9.2 9.2 0.0 100 
1 19 6.7 60.0 0.35 21.0 -14.3 0.0 -5.1 99 
2 20 58.4 51.0 0.50 25.5 32.9 32.9 0.0 99 
3 21 118.4 53.0 0.85 45.1 73.4 80.0 0.0 99 
4 22 46.7 48.0 1.00 48.0 -1.3 78.7 0.0 99 
5 23 24.1 49.0 1.10 53.9 -29.8 48.9 0.0 99 
6 24 61.0 58.0 1.15 66.7 -5.7 43.2 0.0 99 
7 25 42.3 47.0 1.15 54.1 -11.8 31.5 0.0 99 
8 26 34.8 47.0 1.15 54.1 -19.3 12.2 0.0 99 
9 27 0.0 50.0 1.10 55.0 -55.0 0.0 -42.8 90 
10 28 5.7 49.0 0.90 44.1 -38.4 0.0 -38.4 83 
11 29 5.8 51.0 0.60 30.6 -24.8 0.0 -24.8 78 
Total  413.1 627.0  498.0     
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Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 1999  
18 0.4 70.0 0.00 0.0 0.4 0.4 0.0 100 
1 19 17.6 56.0 0.35 19.6 -2.0 -1.6 -1.6 100 
2 20 86.5 48.0 0.50 24.0 62.5 60.9 0.0 100 
3 21 46.4 50.0 0.85 42.5 3.9 64.8 0.0 100 
4 22 104.8 41.0 1.00 41.0 63.8 80.0 0.0 100 
5 23 59.9 40.0 1.10 44.0 15.9 80.0 0.0 100 
6 24 86.2 44.0 1.15 50.6 35.6 80.0 0.0 100 
7 25 56.2 41.0 1.15 47.2 9.1 80.0 0.0 100 
8 26 34.2 43.0 1.15 49.5 -15.3 64.8 0.0 100 
9 27 24.4 46.0 1.10 50.6 -26.2 38.6 0.0 100 
10 28 20.6 45.0 0.90 40.5 -19.9 18.7 0.0 100 
11 29 0.0 48.0 0.60 28.8 -28.8 0.0 -10.2 97 
Total  537.2 572.0  438.2     
 
 
Dekad Ra mm 
ETo 
mm Kc 
Wr 
mm 
Ra-Wr 
mm 
Rs 
mm 
D 
mm WI% Season 2000  
18 0.0 69.0 0.00 0.0 0.0 0.0 0.0 100 
1 19 7.7 59.0 0.35 20.7 -13.0 0.0 -13.0 97 
2 20 66.7 52.0 0.50 26.0 40.7 40.7 0.0 97 
3 21 87.8 52.0 0.85 44.2 43.6 80.0 0.0 97 
4 22 51.0 43.0 1.00 43.0 8.0 80.0 0.0 97 
5 23 35.6 43.0 1.10 47.3 -11.7 68.3 0.0 97 
6 24 22.4 50.0 1.15 57.5 -35.1 33.2 0.0 97 
7 25 21.6 42.0 1.15 48.3 -26.7 6.5 0.0 97 
8 26 6.0 41.0 1.15 47.2 -41.2 0.0 -34.7 89 
9 27 0.0 47.0 1.10 51.7 -51.7 0.0 -51.7 78 
10 28 1.7 49.0 0.90 44.1 -42.4 0.0 -42.4 69 
11 29 0.0 51.0 0.60 30.6 -30.6 0.0 -30.6 62 
Total  300.5 598.0  460.5     
 
 
